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PREFACE 


This  report  is  presented  as  a comprehensive  description  and  inven- 
tory of  the  groundwater  resources  available  in  Montgomery  County. 
With  the  continuing  growth  of  our  population  and  the  expansion  of 
our  industries,  there  is  an  ever  increasing  rise  in  demand  for  quality 
water  resources.  Groundwater,  or  subsurface  water,  constitutes  one  of 
the  largest  reserves  of  quality  water  remaining  to  be  developed. 

This  report  can  be  of  assistance  to  anyone  who  is  planning  for 
future  water  needs,  it  will  help  to  evaluate  the  quantity  and  quality 
of  groundwater  available  in  any  part  of  the  county,  and  it  will  aid  in 
choosing  the  locations,  depths,  and  conditions  most  favorable  for  de- 
sired groundwater  yield. 

While  this  publication  has  attempted  to  include  all  available  ground- 
water  data  for  the  county,  the  Pennsylvania  Topographic  and  Geologic 
Survey  will  continue  to  collect  groundwater  and  water  well  data  for 
the  area;  such  data  will  be  kept  on  open  file  at  the  Survey  offices  in 
Harrisburg,  available  to  anyone  who  desires  the  very  latest  information. 

We  hope  that  this  report  will  aid  all  users  of  water  in  Montgomery 
County  to  develop  and  manage  their  water  resources  so  as  to  accommo- 
date their  water  needs. 


Arthur  A.  Socolow 
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GROUND-WATER  RESOURCES  OF 
MONTGOMERY  COUNTY,  PENNSYLVANIA 

by 


Thomas  G.  Newport 
U.S.  Geological  Survey 
Water  Resources  Division 


ABSTRACT 

The  bedrock  formations  in  Montgomery  County  range  in  age  from 
Quaternary  to  Precambrian.  The  Quaternary  and  Tertiary  rocks  are 
thin,  discontinuous,  and  small  in  areal  extent,  and  are  not  considered 
as  aquifers.  The  Brunswick  and  Stockton  Formations  of  Triassic  age 
occur  over  a large  part  of  the  county.  Other  Triassic  rocks,  the  diabase 
and  Lockatong  Formation,  have  a smaller  areal  extent.  The  rocks  of 
Paleozoic  age  occur  in  a narrow  band  near  the  southern  border  of 
Montgomery  County.  These  Paleozoic  rocks  are  grouped  as  one  unit 
on  the  geologic  map.  Precambrian  rocks  are  also  grouped  together 
in  this  report. 

Ground  water  in  the  bedrock  occurs  largely  in  secondary  openings, 
such  as  joint  planes  or  solution  openings.  These  secondary  openings 
are  more  abundant  in  the  Brunswick  and  Stockton  Formations  and 
wells  in  these  formations  will  yield  sufficient  water  for  industrial  and 
municipal  supplies.  The  Lockatong  Formation  and  the  Diabase  have 
fewer  joints  and,  consequently,  yield  only  enough  water  for  domestic 
supplies.  Large  solution  openings  have  been  encountered  at  different 
places  in  the  carbonate  rocks,  and  wells  with  very  high  yields  have 
been  developed.  Well  yields  in  the  igneous  and  metamorphic  rocks 
are  generally  small.  Data  are  tabulated  for  more  than  800  wells  in 
Montgomery  County. 

Chemical  analyses  are  available  for  ground  water  from  121  wells 
in  Montgomery  County.  Ground  water  in  the  Triassic  rocks  is  largely 
of  the  calcium-bicarbonate  type.  However,  water  from  these  rocks 
having  concentrations  of  dissolved  solids  greater  than  500  mg/I 
(milligrams  per  liter)  are  of  the  calcium-sulfate  type.  Ground-water 
quality  differs  greatly  from  one  unit  to  another  in  the  Paleozoic  rocks. 
Dissolved-solids  content  ranges  from  32  mg/I  in  the  quartzites  to 
243  mg/I  in  the  carbonate  rocks.  Hardness  ranges  from  15  mg/I  in 
the  quartzites  to  270  mg/I  in  the  carbonates.  The  quality  of  water 
from  the  igneous  rocks  is  generally  good.  The  quality  of  water  from 
metamorphic  rocks  differs  considerably  between  formations.  In  some 
of  these  rocks  the  water  is  very  highly  mineralized  and  is  not  used. 
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MONTGOMERY  COUNTY  GROUND-WATER 


INTRODUCTION 

LOCATION  AND  GENERAL  GEOGRAPHIC  FEATURES 

Montgomery  County  occupies  an  area  of  491  square  miles  in  south- 
eastern Pennsylvania  (Figure  1),  immediately  to  the  northwest  of  Phila- 
delphia. Norristown  is  the  county  seat  and  largest  borough. 

The  area  is  predominantly  an  undulating  plain,  with  relief  provided 
by  low  hills  and  ridges.  The  land  slope  and  drainage  is  to  the  southeast, 
toward  the  Delaware  River.  Most  of  the  county  is  drained  by  the 
Schuylkill  River  and  its  tributaries,  but  the  eastern  section  of  the 
county  is  drained  by  Neshaminy,  Pennypack,  and  Tacony  Creeks,  which 
flow  directly  into  the  Delaware  River. 


80°  30' 


Figure  1.  Location  of  Montgomery  County. 


POPULATION  GROWTH  AND  POPULATION  DENSITY 

Census  records  show  that  there  were  23,000  inhabitants  in  the  county 
in  1790.  The  number  had  increased  to  70,000  in  1860,  and  to  350,000 
by  1950.  Since  1950  the  rate  of  population  growth  has  increased 
rapidly.  Between  1950  and  1970,  a peak  period  of  growth,  the  popula- 
tion grew  to  618,017,  an  increase  of  more  than  76  percent. 
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Forecasts  made  by  the  Montgomery  County  Planning  Commission  indi- 
cate that  the  population  of  the  county  will  increase  to  933,000  by  the 
year  1985.  This  growth  will,  of  course,  require  additional  development 
of  water  supplies. 


75°  30' 
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Figure  2.  Population  density  increase,  1920-1960. 


Population  distribution  in  Montgomery  County  ranges  from  very 
dense  in  the  southern  part  to  sparse  in  the  north.  The  pattern  of  popu- 
lation density  increase  (Figure  2)  reflects  a northward  transition  from 
highly  urban  Philadelphia  to  its  suburban  communities  and  finally  to 
the  rural  areas  of  northern  Montgomery  County.  Some  areas  along  the 
Schuylkill  River  show  only  moderate  increase  in  population  because  the 
land  area  is  so  highly  industrialized  that  there  is  little  room  for  more 
housing. 
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MONTGOMERY  COUNTY  GROUND-WATER 


EFFECTS  OF  POPULATION  GROWTH  ON  WATER  NEEDS 

The  overall  population  growth  of  the  county  will  create  a correspond- 
ing need  for  larger  supplies  of  water.  Also,  based  on  national  averages, 
the  per  capita  use  of  water  is  increasing  from  V2  to  2 percent  per  year. 
There  have  been  water  shortages  within  some  areas  of  the  county  in  the 
recent  past  and,  without  adequate  safeguards,  such  shortages  could 
occur  again.  Actually,  enough  water  potentially  is  available  for  all  needs 
in  the  foreseeable  future.  The  major  problem  is  in  the  withdrawal  and 
distribution  of  all  available  supplies.  It  is  hoped  that  this  report  will 
supply  useful  data  concerning  the  availability,  development,  and  protec- 
tion of  ground-water  supplies  of  the  area.  The  sources  of  water  within 
the  county  are  streams  and  impoundments  and  ground  water. 

Towns,  communities,  and  industrial  sites  are  not  always  located  over 
good  aquifers  or  near  streams  of  sufficient  size  for  use  as  a water  supply. 
If  streams  are  nearby,  water  supplies  are  readily  obtainable;  however, 
the  quality  and  quantity  of  surface  water  is  subject  to  much  variation 
over  the  short  term  as  well  as  seasonally.  Streams  are  more  easily  pol- 
luted than  is  ground  water,  but  their  quality  improves  rapidly  with  dilu- 
tion and  with  removal  of  the  polluting  agent. 

Ground-water  supplies  are  available  in  varying  amounts  throughout 
Montgomery  County.  In  some  areas  the  supplies  available  are  large 
enough  for  municipal  and  industrial  supplies.  In  others,  wells  may  yield 
only  water  enough  for  minimum  household  use.  Even  where  well  yields 
are  very  small,  however,  such  a supply  may  be  the  only  one  available 
to  many  individual  homeowners.  The  amounts  available  vary  seasonally 
and  decline  with  long  periods  of  drought,  but  less  so  than  surface  water. 
Consistent  quality  is  the  most  important  attribute  of  ground  water;  tem- 
perature and  chemical  quality  remain  constant,  making  treatment  much 
simpler.  When  pollution  occurs  it  is  generally  long-lived.  Since  they 
are  visible,  surface  water  supplies  appear  to  be  more  abundant  than 
ground  water.  Locally,  as  along  the  Schuylkill,  this  is  true.  As  will  be 
shown  later,  however,  most  of  the  water  flowing  in  streams  has  drained 
from  the  ground-water  reservoir.  Additionally,  because  of  its  low  tem- 
perature of  about  52°F  throughout  the  year  and  its  uniform  chemical 
quality,  ground  water  is  highly  desirable  for  use  by  many  industries. 

LAND  USE  IN  THE  1960’s 

The  expansion  of  cities  and  communities  is  rapidly  changing  the  land 
use  in  Montgomery  County.  The  number  of  farms  has  declined  in  the 
last  few  years,  and  in  1960  the  rural  population  made  up  less  than  one- 
fourth  of  the  total  population.  Most  of  the  farms  in  Montgomery  County 
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are  devoted  to  the  production  of  beef  and  dairy  cattle  or  poultry  prod- 
ucts. There  is  relatively  little  farming  of  grain,  fruit,  or  vegetable  crops. 

Much  of  the  land  area  is  now  composed  of  country  estates,  housing 
developments,  and  part-time  farms.  These  are  the  homes  of  persons  who 
commute  to  nearby  cities  or  industrial  parks. 

The  percentage  of  land  occupied  by  streets  and  parkways,  which  is  a 
measure  of  the  intensity  of  urbanization,  is  greatest  in  the  southern  part 
of  the  county  and  decreases  gradually  towards  the  rural  northern  part  of 
Montgomery  County.  The  highly  suburban  character  of  the  southern 
part  of  the  county  also  is  indicated  by  the  fact  that  nearly  50  percent  of 
the  land  is  classified  as  residential,  being  occupied  mainly  by  single-family 
houses. 

In  the  past,  most  of  the  industry  within  the  area  has  been  concentrated 
along  the  Schuylkill  River.  The  more  recent  trend,  which  is  expected  to 
increase  in  the  future,  is  the  establishment  of  industrial  parks  throughout 
other  parts  of  the  county.  There  are  now  (1969)  19  such  areas,  located 
mostly  along  the  Pennsylvania  Turnpike  and  its  extension. 

WHERE  THE  WATER  COMES  FROM 

HYDROLOGIC  CYCLE 

Water  is  one  of  our  most  important  resources  and  it  constitutes  the 
major  part  of  most  living  things.  Man’s  existence  depends  upon  it,  yet 
water  supplies  are  taken  for  granted  by  most  individuals.  As  shown  in 
Figure  3,  water  evaporates  from  the  oceans  and  is  carried  as  vapor  until 
it  condenses  and  precipitates.  Most  of  the  precipitation  on  the  land  is 
used  by  vegetation,  evaporates  back  to  the  atmosphere,  or  runs  overland 
as  streamflow.  Part  enters  the  soil  and  bedrock  to  recharge  water-bearing 
formations,  called  aquifers.  The  water  moves  at  a varying  pace,  depend- 
ing on  its  environment,  but  eventually  it  returns  to  the  oceans. 

If  man  interrupts  or  changes  the  hydrologic  cycle  the  results  may  have 
serious  effects  for  many  years.  Man’s  alterations  of  the  hydrologic  cycle 
in  Montgomery  County  are  discussed  in  the  following  pages. 

PRECIPITATION 

Precipitation  is  the  source  of  all  fresh  water  in  the  county.  The  average 
precipitation  at  Norristown  is  42.2  inches  per  year.  Elsewhere  in  the 
county,  the  average  annual  precipitation  ranges  from  43  inches  in  the 
eastern  part  to  47  inches  in  the  extreme  northern  part.  (U.S.  Department 
of  Commerce  Environmental  Data  Service) . 
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MONTGOMERY  COUNTY  GROUND-WATER 


Figure  3.  Hydrologic  cycle  showing  movement  of  water  from  ocean  to 
land  and  back  to  the  ocean. 
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Precipitation  is  generally  well  distributed  throughout  the  year.  The 
wettest  month  is  usually  August  and  the  driest  month  October.  More 
than  half  the  annual  precipitation  falls  during  the  spring  and  summer,  the 
period  which  corresponds  favorably  with  the  needs  of  growing  plants. 
During  the  period  of  record  the  amount  of  monthly  precipitation  has 
ranged  from  more  than  17  inches  in  August  to  less  than  0.50  inch  in 
October. 

The  average  total  annual  snowfall  received  in  a season  in  this  county 
ranges  from  20  to  30  inches.  The  larger  amounts  fall  in  the  eastern  and 
northern  parts  of  the  county,  where  heavy  snows  are  most  likely  to  occur 
during  late  winter. 


WHERE  THE  WATER  GOES 

EVAPOTRANSPI  RATION 

Evapotranspiration  is  a collective  term  describing  the  return,  through 
the  sun’s  energy,  of  water  to  the  atmosphere  as  vapor.  Transpiration 
returns  soil  moisture  to  the  atmosphere  as  a product  of  plant  growth, 
and  evaporation  changes  water  directly  from  a liquid  to  a vapor. 

The  estimated  mean  annual  rate  of  evaporation  from  surface-water 
bodies  in  Montgomery  County  is  about  33  inches.  However,  the  surface 
area  of  water  bodies  in  Montgomery  County  is  small,  and  the  water 
evaporated  from  them  is  only  a minor  part  of  the  hydrologic  system. 
The  total  loss  by  evaporation  and  transpiration  is  considerable.  About 
26  inches  of  the  water  falling  on  the  county  annually  is  returned  to  the 
atmosphere  by  these  processes.  (Parker  and  others,  1964). 

STREAMFLOW 

Most  of  the  water  not  lost  through  evapotranspiration  leaves  the  county 
as  discharge  from  streams.  This  amounts  to  from  15  to  21  inches  of  the 
original  precipitation.  The  larger  streams  and  impoundments  and  the 
locations  of  gaging  stations  in  Montgomery  County  are  shown  in  Figure 
4.  Identification  numbers  are  those  assigned  by  the  U.S.  Geological 
Survey.  A summary  of  discharge  data  for  the  four  gaging  stations  is 
given  in  Table  1.  More  detailed  information  on  streamflow  can  be  ob- 
tained from  Surface  Water  Records  for  Pennsylvania  (see  selected 
reference  list) . Several  other  streams  in  Montgomery  County  are  also 
used  for  public  and  industrial  water  supplies. 


MONTGOMERY  COUNTY  GROUND-WATER 

75°30' 


\ 

/ 


Figure  4.  Location  of  stream-gaging  stations. 


GROUND  WATER 

Much  of  the  water  falling  on  the  land  surface  returns  to  the  atmos- 
phere or  reaches  the  streams  as  overland  runoff.  The  remainder  infiltrates 
through  the  soil  and  through  fractures  and  void  spaces  in  the  underlying 
rock.  Its  downward  movement  continues  until  it  reaches  the  zone  of 
saturation,  a zone  below  which  all  the  interconnected  voids  are  filled 
with  water.  This  is  illustrated  in  Figure  5.  After  reaching  the  zone  of 
saturation  the  water  moves  downward  and  laterally  toward  lower  eleva- 
tions and  eventually  returns  to  the  surface,  either  naturally  from  springs 
and  seeps  or  from  wells. 

Ground  water  in  Montgomery  County  occurs  under  both  water-table 
(free,  unconfined)  and  artesian  (confined,  under  pressure)  conditions. 
Water-table  conditions  are  those  in  which  ground  water  is  unconfined 
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Table  1.  Discharge  data  of  the  gaged  streams  in  Montgomery  County 

Schuylkill  River  at  Pottstown,  Pa.  1-4720 

Average  discharge,  41  years  of  record:  1,805  cfs.1 

Maximum  discharge,  May  25,  1943:  50,800  cfs. 

Minimum  discharge,  August  13,  1930:  87  cfs. 

Perkiomen  Creek  at  Graterford,  Pa.  1-4730 
Average  discharge,  53  years  of  record:  370  cfs. 

Maximum  discharge,  July  9,  1935:  39,900  cfs. 

Minimum  discharge,  October  5,  1941:  4.7  cfs. 

Skippack  Creek  near  Collegeville,  Pa.  1-4731.2 
Average  discharge,  2 years  of  record:  65.5  cfs. 

Maximum  discharge,  March  7,  1967:  4,620  cfs. 

Minimum  discharge,  September  12,  1967:  0.1  cfs. 

Wissahickon  Creek  at  Fort  Washington,  Pa.  1-4739 
Average  discharge,  6 years  of  record:  43.2  cfs. 

Maximum  discharge,  March  7,  1967:  3,490  cfs. 

Minimum  discharge,  September  2,  1963:  2.9  cfs. 

1 Cubic  feet  per  second 


Figure  5.  Downward  movement  of  water  through  soil  and  rock  to 
the  water  table. 
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and  the  upper  surface  of  the  water  is  free  to  rise  or  fall.  Artesian  condi- 
tions exist  where  the  ground  water  is  confined  in  a permeable  (having 
interconnected  openings)  formation  that  is  overlain  by  a relatively  im- 
permeable formation.  The  upper  surface  is  not  free  to  rise  or  fall,  but 
the  water  is  under  enough  pressure  to  rise  above  the  containing  aquifer 
in  wells  penetrating  it.  The  imaginary  surface  to  which  water  will  rise 
in  wells  tapping  an  artesian  aquifer  is  called  the  piezometric  surface  in 
this  report. 

The  water  table  fluctuates  according  to  the  relative  amounts  of  re- 
charge (additions  to  the  aquifer)  and  discharge  (losses  to  seeps,  springs 
and  wells) . Because  of  the  heavy  evapotranspiration  losses  through  the 
growing  season  (April  to  October)  little  recharge  reaches  the  zone  of 
saturation  and  water  levels  decline;  water  levels  generally  rise  through- 
out the  rest  of  the  year. 

Water  levels  in  the  county  are  at  or  near  the  land  surface  in  the  valleys 
and  rise  toward  the  drainage  divides.  The  rate  of  water  level  rise,  how- 
ever, is  less  than  that  of  the  land  surface,  so  wells  on  the  higher  elevations 
must  be  drilled  deeper  to  reach  the  water  table  than  those  in  the  valleys. 

The  occurrence  and  movement  of  ground  water  is  in  and  through  inter- 
connected openings  (Figure  6)  either  primary  or  secondary  in  nature. 
Primary  openings  are  void  spaces  between  the  individual  grains  of 
material,  such  as  in  sandstone  and  shale.  In  a coarse-grained  sandstone 
the  openings  are  relatively  large;  in  a shale  the  grains  and  openings 
are  very  small.  The  larger  interconnecting  openings  allow  much  more 
ground-water  movement  than  the  smaller  ones. 

Secondary  openings  are  those  formed  subsequent  to  the  deposition 
and  consolidation  of  the  formations.  In  Montgomery  County  they  result 
from  the  fracture  or  solution  of  rock.  The  fractures  are  the  result  of 
external  forces  that  caused  rupture  of  the  rock;  solution  cavities  are 
formed  by  the  solution  and  removal,  by  water,  of  parts  of  rocks  such  as 
limestone.  Large  quantities  of  water  move  through  connected  fractures 
and  solution  cavities. 

HOW  AND  WHERE  THE  WATER  IS  FOUND 

SUBSURFACE  WATER 

Ground  water  in  Montgomery  County  is  found  in  both  artesian  and 
water-table  aquifers.  These  aquifers  yield  water  to  wells  at  various 
rates  which  vary  over  a wide  range,  both  from  one  geologic  formation  to 
another  and  within  the  same  geologic  formation.  Well  yields  range 
from  a fraction  of  a gallon  per  minute  to  more  than  1,500  gpm  (gallons 
per  minute) . Data  on  seven  hundred  wells  drilled  in  the  various  geologic 
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Sand  b-o.oi1— H 

Primary  openings  in  unconsolidated  material 


Secondary  openings  in  consolidated  rock 
Figure  6.  How  water  occurs  in  the  rocks. 
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Figure  7.  How  fractures  in  bedrock  formations  will  affect  the  yield 
of  wells. 


formations  that  underlie  the  county  have  been  described  in  several 
published  reports.  (See  Selected  References) 

When  precipitation  has  reached  the  zone  of  saturation  it  moves  by 
gravity  down  the  hydraulic  gradient  toward  points  of  discharge.  The 
direction  of  movement  is  determined  by  the  slope  of  the  water  table  or 
the  piezometric  surface.  The  movement  of  ground  water  is  through 
interconnected  openings  in  the  rock,  and,  as  these  openings  are  normally 
small,  they  do  not  allow  rapid  movement  of  water. 

The  aquifers  in  Montgomery  County  are  primarily  consolidated  rocks, 
and  water  occurs  in  fractures,  bedding  planes,  or  solution  openings. 
Small  amounts  of  ground  water  occur  in  the  pore  spaces  in  the  weathered 
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zone  but  this  weathered  material  is  thin  and  discontinuous.  Wells  drilled 
into  consolidated  rock  will  yield  water  if  they  intersect  saturated  openings 
in  the  rock.  This  is  illustrated  in  Figure  7.  Well  No.  1 intercepts  only 
one  fracture  below  the  water  table,  and  the  yield  of  this  well  would  be 
less  than  the  yield  of  well  No.  2 because  the  latter  well  intersects  several 
fractures  below  the  water  table. 

A geologic  column  for  Montgomery  County  (Table  2)  is  shown  below 
and  is  followed  bv  a generalized  geologic  map.  (Figure  8) 

Table  2.  Geologic  section  for  Montgomery  County,  Pennsylvania 


Era.  System 
and  Epoch 

Formation 

Thickness 

(feet) 

Character 

Cenozoic 

Quaternary 

Holocene 

Alluvium 

0-10 

Soil,  sand,  gravel,  and 
clay;  deposits  in  stream 
valleys. 

Pleistocene 

Pensauken  Formation 

0-10 

Sand,  gravel,  clay,  yel- 
lowish-brown; small 

areal  extent. 

Tertiary 

Pliocene  (?) 

Bryn  Mawr  Gravel 

0-10 

Sand  and  gravel;  small 
areal  extent. 

Mesozoic 

Cretaceous 

Patapsco  Formation 

0-10 

Clay  and  sand,  highly 
colored;  small  areal  ex- 
tent. 

T riassic 

Diabase 

5-1,800 

Medium  to  coarse  grain- 
ed igneous  rock,  dark 
gray,  occurs  as  dikes 
and  sills. 

Brunswick 

Formation 

9,000-16,000 

Shale,  mudstone,  sand- 
stone, and  conglomerate 
beds;  reddish-brown. 

Lockatong 

Formation 

0-2,000 

Argillite,  mudstone,  and 
shale;  dark  gray  to 

black,  thick  bedded. 

Stockton 

Formation 

1,000-6.000 

Shale  and  siltstone  in 
upper  member;  sand- 
stone,  fine-to  coarse- 
grained, arkosic,  middle 
member;  conglomerate 
lower  member. 
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Table  2.  (Continued) 


Era,  System 
and  Epoch 

Paleozoic 


Ordovician 

Cambrian 


Precambrian  (?) 


Precambrian 


Formation 

Thickness 

(feet) 

Character 

Conestoga  Limestone 

500-800 

Limestone,  impure,  thin- 
bedded  upper  part;  mid- 
dle dark  graphitic  phyl- 
lite,  lower  limestone, 
granular  thick  - bedded, 
dark  gray. 

Elbrook  Formation 

800 

Limestone,  fine-grained, 
light  gray  to  cream-col- 
ored, thin-bedded. 

Ledger  Dolomite 

1,000 

Dolomite,  granular,  gray 
to  bluish  gray. 

Harpers  Formation 

500-800  (?) 

Phyllite,  fine  - grained, 
greenish-gray,  some  beds 
of  quartzite  and  schist. 

Chickies  Quartzite 

500-1,000 

Quartzite,  vitreous, 
light-colored  thick-bed- 
ed,  conglomerate  at 
base. 

Wissahickon  Formation 

Schist,  albite  chlorite, 
and  oligoclase  mica,  in- 
cludes hornblende 

gneiss  and  phyllite. 

Granite  gneiss 

— 

Composed  chiefly  of 
quartz,  feldspar,  biotite, 
and  hornblende. 

Hornblende  gneiss 

— 

Composed  of  quartz, 
feldspar,  and  horn- 
blende. 

Serpentine 

— 

Soft,  fine  grained,  green. 

HOW  AND  WHERE  THE  WATER  IS  FOUND 
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The  water-bearing  characteristics  of  the  mapped  units  are  summarized 
in  the  following  pages. 


Brunswick  Formation 
Lithology  and  structure 

The  Brunswick  Formation  in  Montgomery  County  consists  of  con- 
solidated reddish-brown  shale  and  sandstone.  Along  the  northern  edge 
of  the  county  conglomerate  is  interbedded  with  the  shale  and  sandstone. 
The  beds  of  the  Brunswick  Formation  generally  dip  an  average  of  20° 
to  the  north  and  northwest,  but  several  broad  synclines  and  anticlines 
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have  been  superimposed  on  the  major  structure.  The  Brunswick  Forma- 
tion has  been  cut  by  many  small  faults  and  one  or  two  large  ones.  There 
is  a well-developed  system  of  nearly  vertical  joints  in  many  of  the  beds 
of  the  Brunswick  Formation.  Sample  logs  of  wells  in  the  Brunswick 
Formation  are  listed  in  Table  3. 

Water-bearing  characteristics 

Because  pore  spaces  in  the  Brunswick  Formation  are  very  small,  most 
of  the  ground  water  occurs  in  and  moves  through  secondary  openings 
and  the  nearby  vertical  joints  that  intersect  at  various  angles  throughout 
the  formation.  The  number  and  width  of  these  vertical  joints  differ  from 
bed  to  bed  within  the  formation;  thus,  some  beds  yield  much  more 
water  to  wells  than  others.  These  vertical  joints  also  allow  downward 
percolation  of  precipitation  to  recharge  the  aquifer. 

Table  3.  Sample  logs  of  wells  in  the  Brunswick  Formation  in  Montgomery 

County,  Pennsylvania 

Well  Mg-632 


Owner:  U.S.  Geological  Survey 


Description 


Depth 

(feet) 


Soil,  red  0 — 2 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  2 — 5 

Shale,  red,  slightly  calcareous  5 — 10 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  10  — 15 

Shale,  red,  slightly  calcareous  15  — 18 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  18  — 25 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  25  — 30 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  30  — 40 

Shale,  red,  slightly  calcareous  40  — 45 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  45  — 52 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  52  — 85 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  85  — 90 

Shale,  red,  slightly  calcareous,  micaceous;  calcite  joint  filling  90  — 95 

Shale,  red,  slightly  calcareous,  micaceous;  quartz  and  calcite  joint 

filling  95  — 100 

Shale,  red,  slightly  calcareous,  micaceous;  calcite  joint  filling  100  — 110 

Siltstone,  red,  moderately  calcareous,  micaceous;  calcite  and  quartz 

joint  filling  110  — 120 

Shale,  red,  slightly  calcareous;  calcite  and  quartz  joint  filling  120  — 125 

Shale,  red,  moderately  calcareous,  micaceous;  calcite  joint  filling  ....  125  — 130 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  130  — 135 

Shale,  red,  moderately  calcareous  135  — 140 
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Table  3.  (Continued) 

Depth 

Description  (feet) 


Shale,  red,  slightly  calcareous;  calcite  joint  filling  140  — 170 

Shale,  red,  slightly  calcareous;  calcite  and  quartz  joint  filling  170  — 185 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  185  — 200 

Siltstone,  red,  slightly  calcareous,  micaceous;  calcite  joint  filling  200  — 210 

Shale,  red,  slightly  calcareous,  micaceous;  quartz  joint  filling  210  — 215 

Shale,  red,  slightly  calcareous,  micaceous;  quartz  and  calcite  joint 

filling  215  — 220 

Shale,  red,  slightly  calcareous;  calcite  and  quartz  joint  filling  220  — 225 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  225  — 235 

Shale,  red,  slightly  calcareous  235  — 240 

Shale,  red;  calcite  joint  filling  240  — 250 

Shale,  red;  calcite  and  quartz  joint  filling  250  — 260 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  260  — 290 

Shale,  red,  moderately  calcareous  290  — 300 

Shale,  red,  slightly  calcareous  300  — 310 

Shale,  red,  slightly  calcareous;  quartz  and  calcite  joint  filling  310  — 315 

Siltstone,  buff,  moderately  calcareous;  red  shale;  quartz  joint  filling  315  — 320 

Shale,  red,  slightly  calcareous,  micaceous;  calcite  joint  filling  320  — 325 

Shale,  red,  slightly  calcareous,  micaceous;  calcite  and  quartz  joint 

filling  325  — 330 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  330  — 335 

Shale,  red,  micaceous;  calcite  and  quartz  joint  filling  335  — 340 

Shale,  red,  moderately  calcareous;  calcite  and  quartz  joint  filling  340  — 345 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  345  — 350 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  350  — 360 

Shale,  red,  micaceous;  calcite  and  quartz  joint  filling  360  — 363 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  363  — 370 

Shale,  red,  slightly  calcareous  370  — 375 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  375  — 379 

Shale,  green,  moderately  calcareous  379  — 381 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  381  — 385 

Shale,  red,  slightly  calcareous  385  — 405 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  405  — 425 

Shale,  red,  slightly  calcareous  425  — 450 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  450  — 460 

Shale,  red,  slightly  calcareous;  calcite  and  quartz  joint  filling  460  — 465 

Shale,  red,  slightly  calcareous  465  — 470 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  470  — 475 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  475  — 480 

Shale,  red,  slightly  calcareous  480  — 490 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  490  — 500 

Well  Mg-633 

Owner:  U.S.  Geological  Survey 

Depth 

Description  (feet) 


Shale,  red;  quartz  joint  filling  0 — 5 
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Table  3.  ( Continued ) 


Depth 

Description  (feet) 


Shale,  red,  slightly  calcareous,  calcite  joint  filling  5 — 20 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  20  — 25 

Shale,  red.  slightly  calcareous;  calcite  joint  filling  25  — 30 

Shale,  red,  moderately  calcareous  30  — 35 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  35  — 40 

Shale,  red;  calcite  joint  filling  40  — 45 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  45  — 55 

Shale,  red,  slightly  calcareous;  goethite  55  — 60 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  60  — 70 

Shale,  red,  slightly  calcareous  70  — 90 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  90  — 100 

Shale,  red;  calcite  joint  filling  100  — 105 

Shale,  red,  slightly  calcareous;  abundant  quartz  and  calcite  joint 

filling.  Quartz  is  in  crystals  up  to  half  an  inch  long  105  — 108 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  108  — 110 

Shale,  red,  slightly  calcareous;  abundant  calcite  joint  filling  110  — 112 

Shale,  red,  slightly  calcareous;  calcite  and  quartz  joint  filling  and 

goethite  112  — 115 

Shale,  red;  calcite  joint  filling  115  — 118 

Shale,  red  118  — 120 

Shale,  red,  slightly  calcareous  120  — 123 

Shale,  red  123  — 125 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  125  — 128 

Shale,  red,  slightly  calcareous  128  — 138 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  138  — 140 

Shale,  red,  slightly  calcareous  140  — 142 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  142  — 148 

Shale,  red,  slightly  calcareous  148  — 150 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  and  goethite  150  — 152 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  152  — 165 

Shale,  red,  slightly  calcareous  165  — 168 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  168  — 170 

Shale,  red;  calcite  joint  filling  170  — 172 

Shale,  red  172  — 175 

Shale,  red,  moderately  calcareous  175  — 178 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  178  — 185 

Shale,  red;  calcite  joint  filling  185  — 205 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  205  — 210 

Shale,  red;  calcite  joint  filling  210  — 212 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  212  — 215 

Shale,  red,  slightly  calcareous;  calcite  and  quartz  joint  filling  215  — 220 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  220  — 225 

Shale,  red;  calcite  joint  filling  225  — 230 

Shale,  red;  calcite  and  quartz  joint  filling  and  goethite  230  — 232 

Shale,  red,  moderately  calcareous;  quartz  and  calcite  joint  filling  ....  232  — 233 

Shale,  red;  calcite  joint  filling  233  — 235 
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Table  3.  (Continued) 


Depth 

Description  (feet) 


Shale,  red,  moderately  calcareous;  calcite  joint  filling  235  — 237 

Shale,  red;  calcite  joint  filling  237  — 240 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  240  — 243 

Shale,  red,  slightly  calcareous  243  — 245 

Shale,  red;  calcite  joint  filling  245  — 263 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  263  — 270 

Shale,  red  270  — 275 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  275  — 278 

Siltstone,  red,  moderately  calcareous;  calcite  joint  filling  278  — 280 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  280  — 283 

Shale,  red;  calcite  joint  filling  283  — 288 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  288  — 290 

Shale,  red,  slightly  calcareous  290  — 295 

Shale,  red;  calcite  joint  filling  295  — 300 

Shale,  red  300  — 302 

Shale,  red;  calcite  joint  filling  302  — 307 

Shale,  red,  slightly  calcareous,  calcite  joint  filling  307  — 310 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  310  — 312 

Shale,  red,  slightly  calcareous  312  — 314 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  314  — 325 

Shale,  red,  slightly  calcareous;  quartz  joint  filling  325  — 327 

Shale,  red,  slightly  calcareous  327  — 330 

Shale,  red  330  — 335 

Shale,  red;  calcite  joint  filling  335  — 348 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  348  — 350 

Shale,  red,  slightly  calcareous  350  — 355 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  355  — 358 

Shale,  red;  calcite  joint  filling  358  — 360 

Shale,  red,  moderately  calcareous  360  — 362 

Shale,  red,  slightly  calcareous;  calcite  and  quartz  joint  filling  362  - — 365 

Shale,  red;  calcite  joint  filling  365  — 380 

Shale,  red,  moderately  calcareous  380  — 383 

Shale,  red,  moderately  calcareous,  micaceous  383  — 385 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  385  — 390 

Shale,  red,  slightly  calcareous  390  — 392 

Shale,  red  392  — 395 

Shale,  red,  slightly  calcareous  395  — 402 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  402  — 405 

Shale,  red,  slightly  calcareous;  calcite  and  quartz  joint  filling  405  — 408 

Shale,  red,  moderately  calcareous  408  — 410 

Shale,  red,  slightly  calcareous  410  — 412 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  412  — 415 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  415  — 417 

Shale,  red,  slightly  calcareous;  calcite  joint  filling,  pyrite  and  goethite  417  — 420 

Shale,  red,  slightly  calcareous  420  — 422 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  422  — 428 
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Table  3.  (Continued) 


Depth 

Description  (feet) 


Shale,  red,  slightly  calcareous  428  — 430 

Shale,  red  430  — 432 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  432  — 435 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  435  — 437 

Shale,  red;  slightly  calcareous;  calcite  joint  filling  437  — 460 

Shale,  red;  calcite  joint  filling  460  — 465 

Shale,  red;  calcite  joint  filling,  pyrite  and  goethite  465  — 467 

Shale,  red,  slightly  calcareous;  calcite  and  quartz  joint  filling  467  — 470 

Shale,  red,  slightly  calcareous  470  — 473 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  473  — 497 

Shale,  red  497  — 500 

Well  Mg-679 

Owner:  Souderton  Borough 

Depth 

Description  (feet) 


Shale,  red  0 — 40 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  40  — 100 

Shale,  dark  reddish-gray,  slightly  calcareous  100  — 110 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  and  pyrite  110  — 120 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  120  — 130 

Shale,  dark  red,  moderately  calcareous  130  — 140 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  140  — 180 

Argillite,  blue-gray,  slightly  calcareous;  calcite  joint  filling.  Thin  beds 

of  red  shale  are  in  this  interval  180  — 190 

Argillite,  blue-gray,  moderately  calcareous;  calcite  and  quartz  joint 

filling.  About  4 feet  of  this  interval  is  red  shale  190  — 200 

Sandstone,  gray,  very  fine  grained;  calcite  joint  filling  and  pyrite  200  — 210 

Argillite,  blue-gray,  moderately  calcareous;  calcite  joint  filling  and 

pyrite  210  — 230 

Argillite,  blue-gray,  slightly  calcareous;  pyrite  and  goethite  230  — 260 

Siltstone,  blue-gray,  slightly  calcareous;  pyrite  260  — 270 

Argillite,  blue-gray,  moderately  calcareous;  pyrite.  Red  shale,  moder- 
ately calcareous;  calcite  joint  filling  and  pyrite  270  — 278 

Argillite,  blue-gray,  moderately  calcareous;  pyrite  278  — 285 

Shale,  reddish-brown,  moderately  calcareous;  About  4 feet  of  this 

interval  is  blue-gray,  moderately  calcareous  argillite  285  — 308 

Well  Mg-700 

Owner:  Stanley  G.  Flagg,  Inc. 

Depth 

Description  (feet) 


Fill  0—20 

Sandstone,  buff,  fine  grained.  About  half  of  this  interval  is  red  shale  20  — 30 
Shale,  red,  micaceous  30  — 60 
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Table  3.  (Continued) 


Depth 

Description  (feet) 


Shale,  red  60  — 90 

Shale,  red,  slightly  calcareous;  quartz  joint  filling  90  — 100 

Shale,  red,  slightly  calcareous  100  — 130 

Shale,  dark  brown,  slightly  calcareous  130  — 140 

Shale,  red,  slightly  calcareous  140  — 150 

Shale,  red,  moderately  calcareous  150  — 160 

Shale,  red;  calcite  joint  filling  160  — 170 

Shale,  red,  slightly  calcareous  170  — 190 

Shale,  red,  moderately  calcareous  190  — 200 

Shale,  red,  moderately  calcareous,  micaceous;  calcite  joint  filling  ....  200  — 250 

Shale,  red,  micaceous;  calcite  joint  filling  250  — 260 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  260  — 280 

Shale,  gray-brown,  slightly  calcareous;  micaceous;  calcite  joint  filling  280  — 290 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  290  — 330 

Siltstone,  red,  slightly  calcareous;  calcite  joint  filling  330  — 340 

Shale,  red,  moderately  calcareous  340  — 350 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  350  — 360 

Siltstone,  red,  moderately  calcareous;  calcite  joint  filling  360  — 370 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  370  — 390 

Shale,  red,  moderately  calcareous;  calcite  and  quartz  joint  filling  390  — 400 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  400  — 456 

Sandstone,  white,  fine  grained  456  — 461 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  461  — 480 

Argillite,  blue-gray,  moderately  calcareous,  interbedded  with  about  3 

feet  of  buff  sandstone  480  — 500 

Sandstone,  light-brown,  fine  grained  500  — 510 

Sandstone,  light-brown,  medium  grained  510  — 520 

Shale,  brown,  slightly  calcareous,  micaceous;  calcite  joint  filling  520  — 530 

Shale,  brown,  slightly  calcareous,  micaceous;  quartz  joint  filling  530  — 540 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  540  — 560 

Shale,  red,  moderately  calcareous;  calcite  and  quartz  joint  filling  560  — 600 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  600  — 610 

Shale,  red,  moderately  calcareous;  calcite  joint  filling.  About  1 foot 

of  this  interval  is  buff,  fine  grained  sandstone  610  — 620 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  620  — 640 

Well  Mg-704 

Owner:  Lansdale  Municipal  Authority 


Depth 

Description  (feet) 


Shale,  red  0 — 10 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  10  — 20 

Shale,  red  20  — 40 

Shale,  red,  slightly  calcareous  40  — 70 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  50  — 70 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  70  — - 80 
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Table  3.  (Continued) 


Depth 

Description  (feet) 


Shale,  red,  slightly  calcareous;  calcite  joint  filling  80  — 140 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  140  — 190 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  190  — 200 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  and  pyrite  200  — 210 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  210  — 220 

Siltstone,  red,  slightly  calcareous;  goethite  220  — 230 

Argillite,  blue-gray  to  greenish-gray,  slightly  calcareous;  calcite  joint 

filling  and  goethite  230  — 240 

Shale,  gray-brown,  slightly  calcareous;  calcite  joint  filling  and  goethite  240  — 250 
Shale,  red,  moderately  calcareous;  calcite  joint  filling  and  goethite  ....  250  — 260 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  260  — 290 

Shale,  red,  slightly  calcareous;  calcite  joint  filling,  pyrite  and  goethite  290  — 310 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  310  — 330 

Argillite,  blue-gray,  moderately  calcareous;  calcite  joint  filling  and 

pyrite  330  — 360 

Argillite,  blue-gray,  moderately  calcareous;  calcite  joint  filling  and 
goethite  360  — 370 

Well  Mg-725 

Owner:  Schwenksville  Water  Co. 

Depth 

Description  (feet) 


Shale,  red,  slightly  calcareous;  calcite  joint  filling  0 — 20 

Shale,  red,  slightly  calcareous;  quartz  joint  filling,  pyrite  and  goethite  20  — 30 
Shale,  red,  moderately  calcareous;  calcite  joint  filling,  pyrite  and 

goethite  30  — 40 

Shale,  red,  slightly  calcareous;  joint  filling  40  — 50 

Shale,  red,  a few  green  spots,  moderately  calcareous  50  — 60 

Shale,  red,  moderately  calcareous.  About  4 feet  of  this  interval  is 

purplish-brown  60  — 70 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  70  — 80 

Shale,  red,  moderately  calcareous;  calcite  and  quartz  joint  filling  ....  80  — 90 

Shale,  red,  slightly  calcareous;  quartz  joint  filling  90  — 100 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  100  — 110 

Shale,  red,  slightly  calcareous;  calcite  and  quartz  joint  filling  110  — 120 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  120  — 150 

Shale,  red,  slightly  calcareous  150  — 160 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  160  — 180 

Shale,  red,  slightly  calcareous;  calcite  and  quartz  joint  filling  180  — 190 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  190  — 200 

Shale,  red,  moderately  calcareous;  calcite  and  quartz  joint  filling  ....  200  — 210 

Shale,  red,  moderately  calcareous;  calcite  joint  filling  210  — 220 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  220  — 240 

Shale,  red;  calcite  joint  filling  240  — 250 

Shale,  red,  slightly  calcareous;  calcite  joint  filling  250  — 290 
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Well  depths  and  yields 

The  Brunswick  Formation  is  a reliable  source  of  small  to  moderate 
supplies  of  ground  water.  Some  wells  yield  more  than  200  gpm,  and  if 
yields  of  100  gpm  or  more  are  desired  wells  should  be  drilled  to  depths 
of  at  least  200  feet.  According  to  Longwill  and  Wood  (1965,  p.  12), 

. . . “wells  drilled  to  depths  between  200  and  550  feet  deep  are  most 
likely  to  obtain  maximum  yields.” 

Sufficient  water  for  domestic  purposes  can  be  obtained  at  almost  any 
location  from  wells  that  are  drilled  40  or  50  feet  below  the  water  table, 
but  yields  large  enough  for  industrial  and  municipal  purposes  are  more 
difficult  to  obtain.  If  large  supplies  are  sought,  test  wells  should  be 
drilled  to  find  the  best  site  for  a production  well. 

Well  location  and  spacing 

Wells  located  in  the  valleys,  where  the  water  table  is  close  to  the 
land  surface,  have  more  available  drawdown  than  wells  of  the  same  depth 
located  on  hills.  This  is  illustrated  in  Figure  9.  Well  spacing  is  generally 
not  critical  when  water  is  being  pumped  for  domestic  purposes,  but 
wells  should  be  spaced  as  far  apart  as  is  necessary,  within  economic 
limits,  when  wells  are  pumped  for  industrial  and  municipal  purposes. 
Where  several  pumping  wells  are  closely  spaced,  the  cones  of  depression 
coalesce  and  the  interference  may  be  so  great  that  the  yield  of  each 
well  is  reduced.  Wells  less  than  2,000  feet  apart  in  the  Brunswick 
Formation  have  generally  shown  some  interference.  In  the  Brunswick 
Formation,  interference  between  wells  is  greatest  between  wells  that 
are  located  parallel  to  the  strike  of  the  beds,  because  the  boreholes  pene- 
trate the  same  beds  and  fracture  systems. 

Water  quality 

Ground  water  in  the  Brunswick  Formation  is  of  the  calcium  bicarbon- 
ate type  when  the  concentrations  of  dissolved  solids  are  less  than 
500  mg/1  (milligrams  per  liter)  and  of  the  calcium  sulfate  type  when 
the  dissolved  solids  are  greater  than  500  mg/1.  The  median  dissolved- 
solids  content  is  about  300  mg/1.  Median  hardness  as  CaCon  is  about 
220  mg/1.  Almost  all  the  water  meets  U.S.  Public  Health  Service  stand- 
ards for  mineral  content. 


Well 
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Figure  9.  Wells  in  valleys  have  more  available  drawdown  than  wells 
on  hills. 
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Lockatong  Formation 
Lithology  and  structure 

The  Lockatong  Formation  lies  immediately  below  the  Brunswick 
Formation.  It  consists  of  thick-bedded  argillite  (very  dense  shale  and 
mudstone) . The  Lockatong  Formation  is  resistant  to  erosion  and  forms 
a low  ridge  where  it  is  exposed  along  the  south  edge  of  the  Brunswick 
Formation.  Thinner  beds  of  similar  black  argillite  are  interbedded  with 
the  overlying  Brunswick  Formation.  Like  the  Brunswick  Formation,  the 
Lockatong  dips  to  the  northwest  an  average  of  20°. 

Water-bearing  characteristics 

The  pore  spaces  in  the  Lockatong  Formation  are  very  small,  and  most 
of  the  ground  water  moves  through  a system  of  interconnected  joints 
and  fractures.  The  fractures  are  narrower  and  more  widely  spaced  than 
those  in  the  Brunswick  Formation. 

Well  depths  and  yields 

The  yields  of  wells  in  the  Lockatong  Formation  are  low  because  of 
the  smallness  and  scarcity  of  fractures.  Well  yields  range  from  4 to  40 
gpm,  and  the  average  yield  is  about  7 gpm.  Yields  greater  than  those 
required  for  domestic  purposes  are  not  available  from  wells  in  this 
formation.  Large-diameter  wells  drilled  in  this  formation  will  yield 
larger  volumes  of  water  than  small-diameter  wells  for  short  periods 
of  time  because  the  amount  of  water  stored  in  the  well  is  greater  in 
the  large-diameter  wells.  Aside  from  the  storage  factor,  the  drilling  of 
deeper  wells  in  the  Lockatong  Formation  does  not  materially  increase 
the  potential  yields  of  wells.  Pumps  should  be  set  near  the  bottom  of 
wells  because  drawdown  is  large. 

Well  location  and  spacing 

Because  the  Lockatong  Formation  is  resistant  to  erosion,  it  forms 
ridges.  Therefore,  wells  pumping  water  from  this  formation  will  not 
usually  divert  water  from  the  streams.  The  cones  of  depression  developed 
by  pumping  wells  in  the  Lockatong  Formation  are  not  extensive  because 
of  the  poor  water-bearing  characteristics,  therefore,  interference  between 
wells  is  not  a problem.  A typical  cone  of  depression  in  the  Lockatong 
Formation  is  shown  in  Figure  10. 
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Figure  10.  Cone  of  depression  in  the  Lockatong  Formation. 


Water  quality 

The  water  in  the  Lockatong  Formation  is  very  similar  in  quality  to 
that  in  the  Brunswick  Formation,  but  it  has  a slightly  lower  hardness  and 
dissolved-solids  content. 


Stockton  Formation 
Lithology  and  structure 

The  Stockton  Formation  which  immediately  underlies  the  Lockatong, 
is  made  up  of  three  distinct  members:  (1)  A lower  member  consisting 
chiefly  of  sandstone  and  conglomerate,  (2)  a middle  member  consisting 
chiefly  of  sandstone,  and  (3)  an  upper  member  consisting  chiefly  of  red 
shale.  The  outcrop  of  the  three  members  of  the  Stockton  Formation  is 
shown  in  Figure  11.  The  formation  dips  to  the  north  and  northwest  an 
average  of  12°, 

Sample  logs  of  wells  in  the  Stockton  Formation  are  given  in  Table  4. 

Water-bearing  characteristics 

Water  in  the  Stockton  Formation  occurs  in  pore  spaces  between  the 
grains  and  in  secondary  openings  (such  as  fractures)  in  the  rock.  The 
size  of  the  openings  between  the  grains  differs  with  the  degree  of  sorting 
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of  the  original  material  and  with  the  amount  of  cementation  that  binds 
the  grains  together.  The  three  members  differ  in  their  water-bearing 
characteristics  because  of  the  difference  in  the  grain  size  and  the  degree 
of  sorting.  The  middle  member  consists  of  well-sorted  sandstone  and 
is  the  best  water-producing  unit.  The  lower  member  is  less  well  sorted 
and,  therefore,  does  not  yield  as  much  water  to  wells.  The  upper  member 
of  the  Stockton  Formation  is  the  poorest  producer  because  the  fineness  of 
the  sediments  allows  little  water  storage  or  movement. 

Table  4.  Sample  logs  of  wells  in  the  Stockton  Formation  in  Montgomery 

County,  Pennsylvania 

Well  Mg-216 

Owner:  Hatboro  Borough  Authority 
Driller:  StothofT 

Depth 

Description  (feet) 

Soil  0 — 5 

Middle  arkose  member: 

Shale,  red  5 — 80 

Sandstone,  arkosic,  gray,  fine-  to  medium-grained,  weakly  cemented  80  — 100 

Shale,  red  100  — 176 

Sandstone,  arkosic,  gray,  well-cemented  176  — 182 

Shale,  red  182  — 196 

Sandstone,  arkosic,  gray  196  — 203 

Shale,  red  203  — 230 

Sandstone,  arkosic,  gray,  fine-  to  medium-grained,  weakly  cemented  230  — 260 

Shale,  red,  and  gray  arkosic  sandstone  260  — 274 

Shale,  red  274  — 280 

Sandstone,  arkosic,  gray,  and  red  shale  280  — 297 

Well  Mg-219 

Owner:  Hatboro  Borough  Authority 
Driller:  StothofT 

Depth 

Description  (feet) 

No  Sample  0 — 21 

Middle  arkose  member: 

Siltstone,  gray  to  red,  sandy  21  — 38 

Sandstone,  arkosic,  gray,  fine-  to  medium-grained  38  — 78 

Sandstone,  arkosic,  buff-colored,  medium-grained;  some  brown 

siltstone  78  — 115 

Sandstone,  arkosic,  gray,  fine-grained,  calcareous  115  — 128 

No  Sample  128  — 143 

Sandstone,  arkosic,  buff-colored,  fine-  to  medium-grained,  calcareous  143  — 158 
Siltstone,  reddish-brown,  sandy,  calcareous  158  — 164 
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Table  4.  (Continued) 


Depth 

Description  (feet) 


Sandstone,  arkosic,  gray,  medium-grained,  calcareous  164  — 200 

Siltstone,  reddish-brown,  sandy  200  — 215 

Sandstone,  arkosic,  gray,  medium-grained;  some  reddish-brown 

siltstone  215  — 265 

Sandstone,  arkosic,  reddish-brown,  medium-grained  265  — 275 

Sandstone,  arkosic,  gray,  fine-  to  medium-grained,  calcareous  275  — 300 

Well  Mg-230 

Owner:  Blue  Bell  Water  Works 
Driller:  Ridpath  and  Potter 

Depth 

Description  (feet) 


Soil,  yellowish-brown  0 — 5 

Middle  arkose  member: 

Siltstone,  grayish-red,  weakly  cemented  5 — 25 

Sandstone,  arkosic,  light-brown,  very  fine  to  fine-grained  25  — 40 

Siltstone,  grayish-red,  firmly  cemented  40  — 65 

Sandstone,  arkosic,  pale-brown,  fine-  to  coarse-grained  65  — 89 

Siltstone,  brownish-gray  89  — 100 

Sandstone,  arkosic,  brownish-gray,  medium-grained,  weakly  ce- 
mented; some  brownish-gray  siltstone  100  — 120 

Siltstone,  reddish-brown  and  brownish-gray  120  — 155 

Sandstone,  arkosic,  pale-orange,  medium-  to  coarse-grained  155  — 160 

Middle  arkose  member — Continued: 

Siltstone,  brownish-gray  and  grayish-red  160  — 175 

Sandstone,  arkosic,  pale-brown,  fine-to  medium-grained  175  — 195 

Siltstone,  grayish-red,  sandy,  firmly  cemented  195  — 200 

Sandstone,  arkosic,  brownish-gray  and  yellowish-brown,  very  fine 

to  fine-grained,  firmly  cemented  200  — 235 

Siltstone,  brownish-gray,  sandy,  firmly  cemented  235  — 250 

Well  Mg-270 

Owner:  Blue  Bell  Water  Works 
Driller:  Ridpath  and  Potter 

Depth 

Description  (feet) 


Silt,  Clayey,  light-brown  0 — 20 

Middle  arkose  member: 

Sandstone,  arkosic,  pale-brown,  medium-grained  20  — 27 

Silt,  brown,  clayey  27  — 32 

Sandstone,  arkosic,  yellowish-brown,  coarse-grained  32  — 42 
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Table  4.  (Continued) 


Depth 

Description  (feet) 


Siltstone,  brown  42  — 52 

Sandstone,  arkosic,  pale-brown,  very  fine-grained  52  — 62 

Shale,  brown,  silty,  calcareous  62  — 72 

Sandstone,  arkosic,  pale-brown,  medium-grained  72  — 102 

Sandstone,  arkosic,  yellow,  fine-grained  102  — 112 

Sandstone,  arkosic,  grayish-yellow,  medium-  to  coarse-grained  112  — 122 

Sandstone,  arkosic,  yellowish-gray,  fine-grained  122  — 142 

Sandstone,  arkosic,  brownish-gray,  very  fine-grained  142  — 176 

Sandstone,  arkosic,  brownish-gray,  fine-  to  medium-grained  176  — 203 

Siltstone,  brownish-gray  203  — 210 

Sandstone,  arkosic,  light-gray,  medium-grained  210  — 235 

Shale,  silty,  brownish-gray  235  — 241 

Sandstone,  arkosic,  light-gray  241  — 258 

Shale,  silty,  light-gray,  calcareous  258  — 270 

Sandstone,  arkosic,  light-gray  270  — 282 

Shale,  grayish-red,  silty,  calcareous  282  — 300 

Sandstone,  arkosic,  grayish-red,  medium-  to  coarse-grained,  cal- 
careous   300  — 310 

Well  Mg-275 

Owner:  Horsham  Township  Authority 
Driller:  Unknown 

Depth 

Description  (feet) 


No  sample  0 — 50 

Middle  arkose  member: 

Sandstone,  arkosic,  grayish-red,  very  fine  and  fine-grained,  clayey  ..  50  — 150 

No  sample  150  — 160 

Sandstone,  arkosic,  gray,  fine-grained,  clayey  160  — 170 

Limestone,  gray,  fine-grained  170  — 180 

Sandstone,  arkosic,  brownish-gray,  medium-grained  180  — 197 

Sandstone,  arkosic,  grayish-red,  very  fine  and  fine-grained  197  — 270 

Siltstone,  grayish-red,  sandy  270  — 350 

Well  Mg-276 

Owner:  Horsham  Township  Authority 
Driller:  Unknown 

Middle  arkose  member: 

Depth 

Description  (feet) 


Siltstone,  red,  some  very  fine  gray  sandstone  0 — 12 

Sandstone,  arkosic,  brown  12  — 25 

Arkose,  gray,  medium-grained  25  — 50 

Siltstone,  red  50  — 72 
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Table  4.  (Continued) 


Depth 

Description  (feet) 


Arkose,  gray,  medium-  to  coarse-grained  72  — 80 

Arkose,  gray,  medium-grained  80  — 90 

Sandstone,  arkosic,  yellowish-brown,  medium-grained  90  — 140 

Siltstone,  red,  hard;  some  medium-grained  gray  arkose  140  — 230 

Arkose,  gray,  fine-grained  230  — 250 

Sandstone,  arkosic,  yellowish-brown,  medium-grained  250  — 298 

Sandstone,  arkosic,  yellowish-brown,  medium-grained;  grayish-red 

siltstone  298  — 320 

Sandstone,  arkosic,  brown,  medium-grained  320  — 340 

Well  Mg-285 

Owner:  Fort  Washington  Industrial  Park 
Driller;  Pennsylvania  Drilling  Co. 

Depth 

Description  (feet) 


Soil,  yellowish-brown,  sandy  0 — 5 

Lower  akrose  member; 

Siltstone,  reddish-brown  5 — 55 

Sandstone,  arkosic,  reddish-brown,  fine-grained,  silty  55  — 65 

Sandstone,  arkosic,  reddish-brown,  medium-grained  65  — 105 

Sandstone,  arkosic,  pale-red,  coarse-grained  105  — 115 

Sandstone,  arkosic,  grayish-red,  fine-  to  medium-grained  115  — 145 

Sandstone,  arkosic,  pale-red,  medium-  to  coarse-grained  145  — 175 

Sandstone,  arkosic,  pale-red,  very  fine  to  medium-grained  175  — 180 

Sandstone,  arkosic,  pale  reddish-brown,  medium-  to  coarse-grained  180  — 198 

Siltstone,  grayish-red,  sandy  198  — 199 

Sandstone,  arkosic,  pale  reddish-brown,  medium-  to  coarse-grained  199  — 215 

No  sample  215  — 220 

Siltstone,  grayish-red,  sandy  220  — 225 

No  sample  225  — 230 

Chickies  quartzite: 

Quartzite,  white,  gray,  and  red  230  — 290 

Well  Mg-290 

Owner:  Borough  of  Ambler 
Driller:  Ridpath  and  Potter 

Lower  arkrose  member: 

Depth 

Description  (feet) 


Arkose,  gray,  medium-grained  0 — 5 

Arkose,  brown,  coarse-  to  very  coarse-grained  5 20 

Arkose,  brown,  medium-  to  coarse-grained  20  — 93 

Arkose,  brown,  medium-grained  93  — 110 

Siltstone,  grayish-red  110  — 120 
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Table  4.  (Continued) 


Depth 

Description  (feet) 


Arkose,  brown,  medium-  to  coarse-grained  120  — 135 

Diabase;  red  siltstone  135  — 140 

Arkose,  brown,  coarse-grained  140  — 144 

Arkose,  gray,  medium-  to  coarse-grained  144  — 161 

Arkose,  yellowish-brown,  coarse-grained  161  — 171 

Arkose,  yellowish-brown,  medium-  to  coarse-grained  171  — 175 

Arkose,  gray,  medium-grained  175  — 185 

Arkose,  yellowish-brown,  coarse-grained  185  — 195 

Shale,  grayish-red  195  — 198 

Arkose,  yellowish-brown  and  gray,  coarse-  to  very  coarse-grained  ....  198  — 250 

Arkose,  medium-  to  coarse-grained  250  — 276 

Arkose,  brownish-gray,  fine  grained;  red  siltstone  276  — 286 

Siltstone,  red  286  — 344 

Arkose,  coarse-  to  very  coarse-grained  344  — 354 

Arkose,  medium-  to  coarse-grained;  grayish-red  siltstone;  diabase  354  — 384 

Arkose,  yellowish-brown,  coarse-grained;  grayish-red  siltstone  384  — 400 

Arkose,  pale-orange,  medium-  to  coarse-grained;  red  siltstone  400  — 410 

Siltstone,  red  410  — 440 

Arkose,  gray,  coarse-grained;  red  shale  440  — 450 

Arkose,  gray,  medium-grained  450  — 470 

Siltstone,  grayish-red  470  — 490 

Arkose,  gray,  medium-grained  490  — 500 


Well  Mg-300 

Owner:  North  Wales  Water  Authority 
Driller:  Ridpath  and  Potter 

Lockatong  formation: 


Depth 

Description  (feet) 


Shale,  gray  0 — 30 

Shale,  dark  grayish-red;  dark-gray  shale  30  — 60 

Stockton  formation: 

Upper  shale  member: 

Shale,  grayish-red  60  — 80 

Siltstone,  grayish-red;  some  fine-grained  arkosic  sandstone  80  — 90 

Shale,  grayish-red  90  — 355 

Sandstone,  arkosic,  white,  fine-grained  355  — 360 

Arkose,  light-gray,  fine-  to  medium-grained;  some  red  shale  360  — 390 

Shale,  grayish-red;  some  grayish-red  siltstone  390  — 450 

Arkose,  light-gray,  fine-  to  medium-grained  450  — 495 

Limestone,  gray  495  — 500 

Sandstone,  arkosic,  medium-grained  500  — 505 

Shale,  grayish-red  505  — 520 

Sandstone,  arkosic,  brownish-gray,  fine-  to  medium-grained  520  — 550 
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Table  4.  (Continued) 

Well  Mg-465 

Owner:  Arvid  E.  Lyden 
Driller:  Ridpath  and  Potter 

Depth 

Description  (feet) 

Soil  0 — 2 

Lower  arkose  member: 

Sandstone,  arkosic,  yellowish-brown,  medium-  to  coarse-grained  2 — 22 

Sandstone,  arkosic,  pale-brown,  fine-  to  medium-grained  22  — 62 

Sandstone,  arkosic,  gray,  very  coarse-grained  62  — 90 

Sandstone,  arkosic,  brown,  very  fine-grained  90  — 97 

Sandstone,  arkosic,  brown,  medium-grained  97  — 130 

Well  Mg-489 

Owner:  U.S.  Naval  Air  Station 
Driller:  Pennsylvania  Drilling  Co. 

Depth 

Description  (feet) 

Soil,  reddish-brown,  sandy  0 — 7 

Middle  arkose  member: 

Sandstone,  arkosic,  yellowish-brown,  fine-  to  medium-grained  7 — 17 

Siltstone,  grayish-red  17  — 21 

Sandstone,  arkosic,  yellowish-brown,  fine-  to  medium-grained  21  — 29 

Sandstone,  arkosic,  grayish-red,  fine-grained  29  — 33 

Limestone,  light-gray,  clayey  33  — 41 

Sandstone,  arkosic,  yellowish-brown,  fine-grained  41  — 48 

Sandstone,  arkosic,  yellowish-brown,  medium-  to  coarse-grained  ....  48  — 50 

Sandstone,  arkosic,  grayish-orange,  fine-  to  medium-grained  50  — 60 

Well  Mg-490 

Owner:  U.S.  Naval  Air  Station 
Driller:  Philadelphia  Drilling  Co. 

Depth 

Description  (feet) 

No  sample  0 — 22 

Middle  arkose  member: 

Sandstone,  arkosic,  grayish-orange  and  yellowish-brown,  very  fine- 

to  medium-grained,  silty  22  — 32 

Siltstone,  pale-brown  and  grayish-orange,  sandy  32  — 41 

Sandstone,  arkosic,  yellowish-brown,  very  fine-  to  fine-grained  41  — 47 

Siltstone,  brownish-gray,  sandy  47  — 51 

Arkose,  yellowish-gray,  very  fine-  to  medium-grained  51  — 67 

Siltstone,  gray  and  grayish-red,  sandy  67  — 75 

Sandstone,  arkosic,  grayish-orange,  very  line-  to  coarse-grained  75  — 120 
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Table  4.  (Continued) 


Depth 

Description  (feet) 


Siltstone,  arkosic,  grayish-orange  and  brown,  very  fine-  to  medium- 
grained   140  — 158 

Siltstone,  gray  158  — 165 

Sandstone,  arkosic,  grayish-orange,  medium-  to  coarse-grained  165  — 178 

Siltstone,  grayish-red;  some  orange  arkosic  sandstone  178  — 185 


Well  Mg-495 

Owner:  American  Chemical  Paint  Co. 

Driller:  Ridpath  and  Potter 

Upper  shale  member: 

Depth 


Description  (feet) 


Soil  and  clay  0 — 17 

Sandstone,  arkosic,  light-gray,  fine-  to  medium-grained  17  — 20 

Shale,  grayish-red,  silty  20  — 39 

Arkose,  yellowish-orange,  fine-  to  medium-grained  39  — 48 

Shale,  grayish-red,  silty  48  — 110 

Sandstone,  arkosic,  grayish-red  and  brownish-gray,  fine-grained  110  — 130 

Shale,  grayish-red  130  — 150 

Middle  arkose  member: 

Sandstone,  arkosic,  pale-brown,  fine-  to  medium-grained  150  — 160 

Sandstone,  arkosic,  pale-brown,  very  fine  to  fine-grained;  some  red 

shale  160  — 180 

Arkose,  gray,  fine-  to  medium-grained  180  — 190 

Sandstone,  arkosic,  brown,  medium-  to  coarse-grained  190  — 200 

Siltstone,  grayish  red  200  — 210 

Siltstone,  arkosic,  pale-brown,  fine-  to  medium-grained  210  — 245 

Shale,  grayish-red,  silty  245  — 260 

Sandstone,  arkosic,  yellowish-brown,  medium-grained  260  — 266 


Well  Mg-499 

Owner:  Borough  of  Ambler 
Driller:  Ridpath  and  Potter 

Lower  arkose  member: 

Depth 

Description  (feet) 


Shale,  brown  and  grayish-red  0 — 20 

Sandstone,  arkosic,  brownish-gray  and  yellowish-brown,  very  fine- 

to  fine-grained  20  — 30 

Siltstone,  grayish-brown  30  — 40 

Sandstone,  arkosic,  grayish-red,  very  fine-grained  40  — 42 

Shale,  grayish-red,  silty  42  — 52 

Sandstone,  arkosic,  light-gray,  fine-  to  medium-grained  52  — 72 

Shale,  grayish-red,  silty  72  — 82 
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Table  4.  (Continued) 


Depth 

Description  (feet) 

Sandstone,  arkosic,  light-gray,  medium-  to  coarse-grained  82  — 115 

Sandstone,  arkosic,  pale-brown,  medium-  to  coarse-grained  115  — 172 

Shale,  grayish-red,  silty  172  — 175 

Sandstone,  arkosic,  gray,  coarse-grained  175  — 185 

Arkose,  light-gray,  medium-  to  coarse-grained  185  — 225 

Arkose,  yellowish-brown,  fine-  to  medium-grained  225  — 235 

Arkose,  yellowish-brown,  medium-  to  coarse-grained  235  — 300 

Well  Mg-500 

Owner:  Borough  of  Ambler 

Driller:  Ridpath  and  Potter 

Depth 

Description  (feet) 

Soil  0 — - 5 

Lower  arkose  member: 

Sandstone,  arkosic,  yellowish-orange,  very  coarse  grained,  conglom- 
eratic   5 — - 28 

Shale,  grayish-red,  sandy  28  — 40 

Sandstone,  arkosic,  pale-orange,  coarse-  to  very  coarse-grained  40  — 70 

Sandstone,  arkosic,  brown,  fine-grained  70  — 110 

Siltstone,  brown,  sandy  110  — 120 

Sandstone,  arkosic,  gray,  medium-  to  coarse-grained:  some  red  shale  120  — 150 

Shale,  grayish-red  150  — 190 

Sandstone,  arkosic,  pale-brown,  fine-  to  medium-grained  190  — 220 

Shale,  grayish-red  220  — 230 

Well  Mg-532 

Owner:  Selas  Corporation  of  America 
Driller:  Ridpath  and  Potter 

Depth 

Description  (feet) 

Soil,  yellowish-brown  0 — 5 

Lower  arkose  member: 

Siltstone,  reddish-brown,  pebbly  5 — 50 

Chickies  quartzite: 

Quartzite  50  — 184 

Well  Mg-533 

Owner:  A.  F.  Picolet  d’Hermillion 
Driller:  Ridpath  and  Potter 

Depth 

Description  (feet) 

Soil  0 — 1 


36 


MONTGOMERY  COUNTY  GROUND-WATER 


Table  4.  (Continued) 


Depth 

Description  (feet) 


Lower  arkose  member: 

Silt,  dark  yellowish-brown  1 — 20 

Sandstone,  arkosic,  brown,  very  fine-  and  fine-grained  20  — 32 

Sandstone,  arkosic,  grayish-brown,  fine-  to  coarse-grained  32  — 60 

Sandstone,  arkosic,  brown,  coarse-  to  very  coarse-grained;  some 

brown  siltstone  60  — 100 

Sandstone,  arkosic,  brown,  medium-  to  coarse-grained  100  — 110 

Shale,  grayish-red,  silty  110  — 112 

Sandstone,  arkosic,  yellowish-brown,  coarse-grained  112  — 134 


Well  depths  and  yields 

The  highest  yields  and  specific  capacities  (yield  per  unit  of  draw- 
down) reported  are  for  wells  tapping  the  middle  sandstone  member. 
The  average  reported  for  wells  in  this  member  is  131  gpm.  Next  in 
order  of  water-yielding  capacity  is  the  lower  member  of  the  formation, 
with  an  average  yield  of  106  gpm.  The  lowest  average  yields  (19  gpm) 
and  specific  capacities  are  those  reported  for  wells  drilled  in  the  upper 
shale  member.  In  some  of  the  tests  made  on  wells  tapping  the  Stock- 
ton  Formation,  it  was  noted  from  brine  tracing  tests  that  some  zones  were 
thieving  water  from  zones  of  higher  artesian  head.  That  is,  water  from  a 
zone  of  higher  artesian  head  is  entering  the  well,  moving  up  or  down  to 
a zone  of  lower  head,  and  flowing  back  into  the  rock. 

Well  location  and  spacing 

Wells  drilled  in  the  Stockton  Formation  should  be  located  where 
they  will  penetrate  the  greatest  saturated  thickness  of  the  most  perme- 
able bed.  This  means  that  a well  should  not  be  drilled  on  the  outcrop 
of  the  permeable  bed  but,  rather,  at  a location  downdip  from  the  outcrop. 
This  might  even  require  that  a well  be  started  in  the  least  permeable 
bed.  Data  concerning  proper  well  spacing  are  lacking,  but  wells  should 
be  as  far  apart  as  practicable. 

The  topography  in  the  area  underlain  by  the  Stockton  Formation 
gives  good  clues  concerning  its  lithology.  The  more  erosion-resistant, 
coarse-grained  beds  of  the  formation  stand  as  ridges;  the  softer  sediments 
have  been  more  deeply  eroded  and  underline  the  valleys.  Wider  ridges 
tend  to  indicate  the  presence  of  thicker,  coarse-grained  sections  of  the 
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Stockton  and,  probably,  better  sources  of  water.  The  best  sites  for 
high-yielding  wells  can  be  located  by  combining  this  information  with 
the  knowledge  that  the  formation  dips  to  the  northwest.  The  cross 
section  in  Figure  12  shows  an  application  of  this  knowledge.  Well  A 
penetrates  the  permeable,  high-yielding  bed  as  well  as  the  lower  im- 
permeable bed.  Well  B is  drilled  to  the  same  depth,  but,  being  downdip 
from  the  outcrop  area,  it  penetrates  a greater  thickness  of  the  permeable 
bed  and  is  likely  to  yield  more  water.  Penetration  of  the  higher  yielding 
members  of  the  Stockton  Formation  is  more  important  than  well  depth. 

Water  quality 

Ground  water  in  the  Stockton  Formation  in  Montgomery  County  is 
largely  of  the  calcium  bicarbonate  type.  The  median  dissolved-solids 
content  is  200  mg/1.  Median  hardness  as  CaCO:t  is  130  mg/1.  Water 
in  the  rural  areas  has  the  lowest  median  dissolved-solids  content,  and 
water  in  urban  areas  has  the  highest.  This  indicates  that  contaminants 
are  entering  the  Stockton  Formation  in  the  urban  areas. 


Figure  12.  Well  (B)  drilled  to  take  advantage  of  more  saturated 
permeable  material. 
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Paleozoic  Rocks 
Lithology  and  structure 

Rocks  of  Paleozoic  age  underlie  the  above-mentioned  formations,  except 
in  the  eastern  part  of  the  county.  Where  Paleozoic  rocks  are  exposed 
in  the  southeastern  part  of  the  county,  they  consist  of  limestone  and 
dolomite  and  sediments  that  have  been  metamorphosed  (altered  by  heat 
and  pressure)  into  very  hard,  erosion-resistant  rock.  The  beds  have 
been  extensively  folded  and  faulted. 

Water-bearing  characteristics 

Most  of  these  formations  are  so  well  cemented  that  little  or  no  inter- 
connected pore  space  remains.  As  a result,  most  water  occurs  in  and 
moves  through  secondary  openings.  In  the  metamorphosed  rocks,  these 
openings  consist  of  fractures;  in  the  carbonate  rocks  the  openings  are 
usually  fractures  that  have  been  enlarged  by  solution.  The  weathered 
surface  of  these  rocks  yields  very  small  amounts  of  ground  water. 
Thicker  deposits  of  weathered  material  might  occur  in  stream  valleys, 
and  in  these  areas  the  water  contained  in  this  material  would  add  to 
the  ground-water  storage. 


Well  depths  and  yields 

Most  of  the  wells  drilled  in  Palezoic  rocks  range  in  depth  from  65 
to  600  feet.  The  yields  of  wells  tapping  the  secondary  openings  are 
directly  related  to  the  size  and  number  of  saturated  openings  penetrated 
by  the  well;  both  the  size  and  number  of  these  openings  decrease  as 
depth  increases,  except  in  the  carbonate  rocks.  Therefore,  if  a significant 
amount  of  water  is  not  obtained  by  drilling  to  a depth  of  300  feet  it 
would  be  better  to  redrill  at  another  site  than  to  drill  deeper. 

Well  yields  from  the  more  permeable  carbonate  rocks  range  from 
25  to  more  than  1,500  gpm;  the  larger  yields  occur  where  saturated, 
well-developed  solution  channels  are  tapped.  The  yields  of  wells  drilled 
in  the  quartzites  or  the  denser  carbonate  rocks  are  usually  low,  ranging 
from  2 to  10  gpm;  occasionally  wells  are  drilled  that  yield  almost 
no  water  at  all. 


Well  location  and  spacing 

Very  few  data  are  available  to  serve  as  a guide  in  locating  wells  in 
Paleozoic  rocks.  The  spacing  of  wells  to  minimize  interference  between 
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wells  would  depend  on  the  number  and  size  of  the  saturated  solution 
openings  encountered  in  each  well.  The  location  of  saturated  solution 
openings  cannot  readily  be  determined  at  the  land  surface;  therefore, 
test  drilling  is  recommended  before  the  permanent  well  is  drilled.  A 
pumping  test  would  help  in  determining  the  proper  well  spacing. 

Water  quality 

Ground-water  quality  differs  greatly  from  one  unit  to  another  in 
the  Paleozoic  rocks.  Water  from  some  of  the  quartzites  has  a low  dis- 
solved-solids  content  that  ranges  from  32  to  51  mg/1,  and  it  is  low  in 
hardness,  which  ranges  from  15  to  52  mg/1.  Dissolved  solids  in  water 
from  the  Paleozoic  carbonate  rocks  range  from  198  to  243  mg/1,  and 
the  hardness  ranges  from  198  to  270  mg/1. 

Igneous  Rocks 
Lithology  and  structure 

Relatively  young  igneous  rocks  have  intruded  the  Triassic  rocks  in  the 
northern  part  of  Montgomery  County,  and  older  igneous  rocks  are  ex- 
posed in  the  southern  end  of  the  county.  The  younger  igneous  rocks 
occur  as  dikes  and  sills  (tabular  or  sheetlike  bodies) , which  were  in- 
truded into  the  Brunswick  Formation.  These  intrusives  are  fine  to 
medium-grained  diabase.  The  older,  Precambrian  igneous  rocks  are 
coarse-grained  granitic  rocks.  The  total  outcrop  area  of  all  igneous  rocks 
in  Montgomery  County  is  small. 

Water-bearing  characteristics 

Ground  water  in  the  igneous  rocks  occurs  in  the  fracture  systems  that 
developed  in  these  rocks  after  they  solidified.  Fractures  in  these  igneous 
rocks  are  usually  narrow  and  widely  spaced  and  do  not  extend  to 
great  depths. 


Well  depths  and  yields 

Only  small  yields  can  be  expected  from  wells  tapping  the  igneous 
rocks.  Domestic  supplies  can  be  obtained,  but  some  failures  can  be 
expected.  If  a significant  amount  of  water  has  not  been  obtained  at 
200  feet  it  would  be  better  to  drill  at  another  site.  Below  100  feet  very 
little  water  is  obtained  by  wells  in  the  diabase.  Because  the  yields 
from  these  rocks  are  low,  the  spacing  and  location  of  wells  is  of  little 
importance. 
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Water  quality 

The  quality  of  the  water  from  the  igneous  rocks  is  generally  good. 
Water  from  some  wells  in  the  Triassic  diabase  contained  as  much  as 
0.5  mg/ 1 iron.  The  total  dissolved-solids  content  and  hardness  is  low. 

Metamorphic  Rocks 
Lithology  and  structure 

The  metamorphic  rocks  in  Montgomery  County  consist  of  gneiss  and 
schist.  The  upper  surface  of  these  rocks  has  been  weathered  and  is  soft, 
but  at  depth  the  rocks  are  dense  and  hard. 

Water-bearing  characteristics 

Ground  water  is  found  in  the  fractures  in  the  metamorphic  rocks 
but  the  fractures  are  small  and  widely  spaced,  and  they  become  smaller 
with  depth. 


Well  depths  and  yields 

The  metamorphic  rocks  are  poor  sources  of  water.  The  amount  of 
water  yielded  to  wells  is  small,  on  the  order  of  1 or  2 gpm,  and  many 
failures  have  occurred.  If  a significant  amount  of  water  has  not  been 
obtained  at  300  feet  it  would  be  better  to  redrill  at  another  site.  Yields 
of  50  gpm  have  been  obtained  from  a few  wells  in  the  metamorphic 
rocks. 


Water  quality 

The  quality  of  water  in  metamorphic  rocks  differs  considerably  from 
place  to  place.  In  some  areas  water  in  these  rocks  is  very  highly  min- 
eralized and  is  not  used.  Chemical  analyses  of  ground  water  in  Mont- 
gomery County  are  presented  in  Table  7. 

SURFACE-WATER  BODIES 

Montgomery  County  is  on  the  drainage  divide  between  the  Dela- 
ware River  and  the  Schuylkill  River.  The  largest  tributary  to  the 
Schuylkill  in  Montgomery  County  is  Perkiomen  Creek,  which  drains  the 
northern  half  of  the  county.  Unami  Creek,  Skippack  Creek,  and  Swamp 
Creek  are  tributaries  of  Perkiomen  Creek.  Wissahickon  Creek  drains 
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the  southern  part  of  the  county.  The  southeastern  part  is  drained  by 
streams  that  flow  into  the  Delaware  River  above  the  Schuylkill  River. 

Green  Lane  Reservoir,  near  the  headwaters  of  Perkiomen  Creek,  is 
the  largest  impoundment  in  Montgomery  County  and  is  operated  by  the 
Philadelphia  Suburban  Water  Company.  Two  proposed  reservoirs  on 
Skippack  Creek  and  East  Branch  of  Perkiomen  Creek  would  supply 
water  to  the  central  part  of  the  county.  A proposed  reservoir  on  Unami 
Creek  near  the  Bucks  County  line  would  also  supply  water  to  central 
Montgomery  County. 


HOW  MAN  HAS  CHANGED  THE  HYDROLOGIC  SYSTEM 

PRESENT  STATUS  OF  DEVELOPMENT 

The  hydrologic  system  in  Montgomery  County  began  to  change  early  in 
the  life  of  the  area.  Initially,  homes  were  located  near  readily  available 
water  supplies,  such  as  streams  and  springs.  For  several  reasons,  shallow 
wells  soon  supplanted  these  sources:  increased  population  along  streams 
caused  pollution;  many  streams  dried  up  in  the  summer;  high  water 
usually  carried  a heavy  sediment  load;  and  people  wished  to  build 
homes  farther  from  streams.  Eventually,  almost  every  house  had  a 
shallow  dug  well  from  which  water  was  withdrawn  from  the  upper 
few  feet  of  the  aquifer.  As  the  population  increased,  many  individually- 
owned  wells  were  abandoned,  and  public-supply  wells  were  installed. 
These  public-supply  wells  were,  in  most  cases,  drilled  wells  that  pumped 
water  from  deep  aquifers.  Also,  several  springs  were  developed  for 
use  in  the  municipal  systems.  Pollution  of  the  shallow  part  of  the  ground- 
water  reservoir  by  water  from  septic  tanks  eventually  forced  fhe  abandon- 
ment of  many  more  wells  tapping  the  upper  parts  of  the  aquifers.  These 
wells  were  replaced  by  deeper  public-supply  and  industrial  wells.  As  the 
demand  for  water  increased,  wells  became  concentrated  and  ground-water 
levels  in  the  central  part  of  the  county  started  to  decline.  Waste  water  is 
still  discharged  to  septic  tanks  in  many  of  the  housing  developments,  and 
pollution  of  the  shallow  part  of  the  ground-water  reservoir  is  serious. 
One  means  to  reduce  pollution  from  septic  tanks  is  to  install  sanitary 
sewers  in  the  suburban  areas.  This  will,  of  course,  increase  runoff  and 
reduce  the  recharge  to  the  ground-water  reservoir.  Some  additional 
lowering  of  the  ground-water  levels  may  result. 

Where  municipalities  and  industries  are  using  surface  water,  they  not 
only  reduce  the  flow  of  the  streams — they  also  raise  the  temperature  of 
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the  water  they  return  to  the  streams.  Also,  pollution  is  discharged  into 
the  streams  in  the  form  of  sewage  and  industrial  waste. 

GROUND-WATER  PUMPAGE 


Several  Montgomery  County  municipalities  and  urban  developments 
use  ground  water  for  public  supplies.  The  locations  of  these  communities 
and  other  communities  using  surface  water  are  shown  in  Figure  13,  and 
ground-water  pumpage  is  summarized  in  Table  5.  Other  municipalities 
in  Montgomery  County  use  ground  water  that  comes  from  wells  located 
in  another  county.  The  Philadelphia  Suburban  Water  Company  supplies 
water  to  several  areas  in  the  county,  but  not  all  of  their  supply  is  from 
ground  water. 
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Figure  13.  Locations  of  towns  and  sources  of  their  water  supply. 
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It  is  reported  that  4.7  mgd  (million  gallons  per  day)  of  ground  water 
is  pumped  from  the  Stockton  Formation  in  Montgomery  County.  Of  this 
amount,  3.2  mgd  is  for  public  supply  and  1.5  mgd  is  for  industrial  use. 
Total  withdrawal  of  water  from  the  Brunswick  Formation  in  Montgomery 
County  is  estimated  to  be  11.5  mgd.  The  total  pumpage  from  the  other 
formations  in  the  county  is  estimated  to  be  3.0  mgd. 

Table  5.  Summary  of  ground-water  pumpage  for  municipal  and  urban 
developments  in  Montgomery  County,  Pennsylvania 


Number  of 


Supplier  wells 

Borough  of  Ambler  6 

Audubon  Water  Co 3 

Collegeville  4 

Dublin  Water  Co 5 

East  Greenville*  1 

East  Norristown  Water  Co 2 

Hatboro  Borough  12 

Hatfield  Borough  4 

Hatfield  Township 

Colman  Water  Co 2 

Lansdale  17 

North  Wales  Water  Authority  4 

Pennsburg  2 

Red  Hill  — 

Schwenksville  Water  Co 3 

Souderton  6 

Telford  3 

Whitpain  Township 

Blue  Bell  Water  Co 4 


* also  uses  water  from  Perkiomen  Creek. 


Average  daily  yield 
Number  of  for  1967  in  millions 
springs  of  gallons 

1 2.25 

— .09 

— .20 

— .09 

— .17 

— .01 

— 1.10 

— .26 

— .04 

— 1.75 

— 4.0 

— .36 

1 .40 

— .07 

— .36 

— .25 


.44 


Additional  supplies  of  ground  water  could  be  developed  in  many 
parts  of  Montgomery  County.  A map  of  the  county  (Plate  1)  shows 
typical  yields  of  wells.  Much  of  the  area  in  the  northern  and  western  parts 
of  the  county,  where  moderate  yields  are  obtained,  could  be  developed 
further. 

Data  for  887  wells  are  listed  in  Table  6,  and  the  location  of  selected 
wells  are  shown  in  Plate  2. 


SURFACE-WATER  PUMPAGE 


Data  from  the  Pennsylvania  Public  Utility  Commission  Rates  and 
Research  Bureau  gives  information  on  the  use  of  surface  water  in  Mont- 
gomery County.  Three  municipalities  supply  their  own  water.  The  rest 


44 


o 

e/1 

X 

° -d 

n*  >•  ci 
(J  o CO 

t E 
. . </> 
c o> 

I-0 1 

1*3 

o 

u ,,  — 

■"•Os 

« ft)  <y 


*-  3 
~ C 
3 

I 3 


a 

C 

<3 

ft 

& 

C 

c 

<y 

ft. 


s: 

ss 

o 

U 

£ 

5 

o 

to 

■v* 

c 

o 

:§ 


* 

1— 


O 

O 


VO 

<L> 


c 
o 

c 

oo  ^ 

3^0 
TD  v)  X 
^ y w 

„*  r_*  O 
— h-  C 

o 00 

‘X  o»  7 

£ 9 ^ 


o . 

T3  CO 


u >;  C 

a * 

g>  3 73 

c/)  ft) 

c c 

O ft>  C 
•-  S W 

5^-5 
§ * - 


< C JS 

O t- 
C3 

ft>  5 E 


T3 

3 


4) 

*0  *0 
C 3 
C3  — 
*00 

sl 

la 

00  _ 


^ O <u 

X)  “ 3 

03 

H 


£ c 

ft)  ft- 


ft) 

X) 


■o 


ft)  00 
.3  X 

N X 


3 


O 

U~  4^ 

O _ 

“20 

o £ „ ■= 

eS  w .2  52 

4Z  u E 

ft)  * y u 

O O --  o 

J u g u. 


H c 

o 

- - <s> 
C ft) 

.2  E 

CO  X 

B 

ft- 

O 00 

u-  o 

ts> 

U ft) 

ft)  c 
•>  o 
> u 


•e  o 
ft)  3 
CJ  y 

X 

IT  P3 

C cn 
O 


& E 


0*  W « o 


ft)  *o 


ft>  — r 

t-  TD  fc- 

g O 

o ft) 


« g 

/)  c 

CO  u- 
X)  O 
Q Ua 


° > 
U-  > 

X 

CO 

k. 

ft) 

£•  i> 

C3  C 

1 c 

- ft> 

x a 

CO 

ft) 

•—  CO 

I* 

o 

Q oo 


u-  ft>  w 


X 

E 

3 


C *0 

o o 


S^JeiUStf 


3Sfl 


(uid8)  ppiA 


ft)  ft) 


(133J) 

33EJJI1S  pUB( 

MO|3q  UJd3(j 


JU3lU3JnSB3UI 

JO  9)BQ 


sujbu  jajinby 


(J33J)  8U1SBD  JO 

rnojioq  6)  qidso 


(JS3J)  q)dap  1BJOX 


(S3q3U!)  J3J3U1BIQ 


uojjonjjsuoa 
jo  poqjapj 


(J33J)  ]3A3[ 
B3S  SAOqB  SpnjIJlV 


p3J3jdUJ03  8)B0 


joiipa 


J3UAVQ 


jaquinu  uoijbdot 


jsqiunu  IPAV 


to  <£ 

Z Z 


_ to 

X o O D Cl. 


to 

Z 

to  < < < <C  < 
Z<JOoUU 


CO  CO  CO  CO  CO  (/)  C /) 


CO  CO  < 

z z U 


VJ  ^ > OfJ  CZJ  or-»  C/J 

a-DD-ia.&.Q-a.o-e-p3DD6.a. 


cn'OO'^OOO'^OOOO 

(NS'tiniN’tincoM^'tn 


o o o o 

O CN  O <N 


■>—  r-  r-  o 


X X X X 

l—  )— * ft  ft* 

H t-  H H 


I I I 


o CJ-, 


X 2 
c 


«n  in  o X o i 
•a  co  r>  | 

t Tf  ^ I 
- O fN  CO 
ro  <N 

O in  O'  (N 


o o o — 

r-  *n  n nj 


O 4 Tt  oo 
o o cn  o 


X 

c 


0 

1 


w O oo 

“ o — 
2 O 


cO  t-*  CO 
fN  in  (N  CN 
m in  m m 
r^-  r-» 
m -*t  «— 


— <n  m tj- 


X X X X C/)CO  C/)t/)c/)l/)C/)C/)C/)C/3 

Hht-HUHHUhHHf-Hl-f-H 


(N  O X — 

■'t  Tf 


O .n  _ _ 

n “ m rq  n 


OO^r-ir.oOooooo^oOcNCN'^ 

m in  X io  X ^ O m — r^.  *—  r-'  QO  r— 

n (n  m ki  m f'’  m ^ ^ ^ n m ’t 


ftOoOtX)  00  00  C0i£)OOOfv|00  00XXOOO00 

nj  m rA  ' ’—l  1 


p3p«- 

QQQQ  QQDQQQQQQQQQQQQQ 

O °o  o ,n  inOOOinOOOminooooofNOO 

-aj-  m r-,  cr>  aicoW'-ncocoX't^o^^^.^^ 


. -a  — . — a N ar  in  Tr  TT"  AJ- 

fN„M(N'-'(N(N(NfNpjni(N(N 


mnir^-r^T}-  — <Nr^mr^xo 

m’f^rt-fNinTj-^fSMiN- 

X>O^^CTi(TiCTiO^<TiOACTiCTj(T) 


O 

Cft 


CQ  • • • 

O O O 
- ■o  ■o  3 
X 

o 


c Qa 


a 

•o 


o 

CQ 


n3  O 

*n  x 

ca 

c 

C ft) 


o o o o 

•o  T3  •a  *0 


o o o 

3 3 3 


X 

E 

< 


CT3 


o o o 

•0-0-0 


o 


o 

z 


00  00  CO  00 
A)  N (N  (N 

in  m in  in 


m in  N m oo  oo 

in  in  m m in  in 


CTlfN--'-- 
- IN  IN  IN  (N  (N 

in  in  m m in  m 


r-  r.  i — psi^r^r^r^h-^n* 

h-  oo  00  oo  oo 
_ o o o o o 

O O CD  O O c> 


oooooooooo 


Af  At  ^ 'J-  At 


-At"  •»*■ 


inx^oo^o-fNinAt 


m x oo  <Ti  o 

a— I a— • <N 


45 


c/) 

Z 

< C/3  < (/) 

o z o z 


oo  < c/) 

z u z 


co 

z 

C/5  < CO  < <f  < co 

z u z;  u u u z 


co  co  co 

z z z 


COCO  < CO  CO  < CO  CO 

ZZ  CJZZUZZ 


d£xXd£d££  3-d D D ddSdd  £ £ ~ 


|OOu’">OOOOOoo  IN  I I I m U~1  I I I O 
I rt-  m o in  tj-  m in  m | I I vO  «—  I I I O 


o O I O o O in 

co  m I 't  oi  cr< 
IN  IN 


O O — oo  m rn 

m Tf  oo  m 


O'  2 


<N  00  00 
in  ^ tj* 


OOOO  — OfN^ 

M t 't  (N  - — IN 


l|S| 


IN 

o 


O I £*  IN  O Tj- 

~ Q — 


I I II  I 


O O'  — 
— IN 

o-^o 


I I 
I I 


I II  I 

II  I I 


in  O 

TT  00 


in  vO  O 

’t  t 
m o — 

in  m in 


U-U-t-t-t-l-l-V-t-  l—  1—  I—l—  »—  »—  , 


- XI  £ XI  X3 


.0.0—.  X)  £ X)  X: 

l—  *—  «—  1 — l—  L-  l— 


i-uuuu-uuuu-u  , , M __  w C«>  i—  i—  i — i — l-  i—  i — u u u u 

HHHHHh-HH’H  HHHHHHHHHH  UUUUHOHh-HH  HHHHH  HHHh- 


o <r>  o o 
in  — 


I I I I I I I I I IS  I I I | I IS8?  g?s  I I MSS 

^ " Is  - --X  O O — in  omminOin  — m Oo^OinOOO'^oo  oo  O o O O O ^ — in 

ooooOr^iNin  — om  inOOr0,ors|Oomr-  in  — — .oqxJooOINOi^>  O m in  O O ^ O (N 

t}-  tj-  tj-  in  m rj-  m m m — n (n  to  'X  in  - - in  <n  m ^ 1 ^ °o  m m i n m in  in 


QQqQQQQQQ  QQQQGQGGCQ  QQQGQQQCQQ  QQQQQ  G G Q G 


'oOinOO^  — m — OOinooooOOOOm  in  in  m m o I O <X  O 

rf-T)-oooor^mmin  OOmmrnooo<Xoor--  in  m m m o ■'X  oo  <x 

(ncn^--«  — 1 >«r  m m 


m O o °0  '“'J  oo  O O IN 
in  o in  00  O'!  IN  IN  IN  IN 
m^miorn  mmmm 


I I 


o <y>  o> 

M t Tf 
CX  0*1 


O^hinoOO-r'^i 
— iNnimmiNmmmm 

cxixa'>cr'(x<x<xcxo'><x 


Otninf>cocoiO'X 

on-ncocooiO 

cTicriaiaiooooooO'' 


oo  o 

IN  — 
O'  <X 


IX  in  O'  O 
in  ■'X  in  m 

X X X X 


i— 

o 

Ui 

o 

i— 

o 

c 

6 

<L> 

k. 

0) 

c/> 

o 

00 

c 

O 

o 

c. 

oo 

c 

U 

o 

CL. 

00 

c 

o 

6 

cc 

loll 

o . 

II  02  ° 

c 

6 rj 

=3  i | 

o 

1 1 m 

r3 

| 2 

and 

. . . o . 

o o o co  o | 

£S 

1 O O 

o 

I *-  1 1 

1 1 o 

TD  3 

i i 

1 1 

O O O O 1 

1 d o 

o 

l_ 

J 

C 

o 

sz 

a 

J 

a> 

o 

c 

£ 

C3 

J 

c 

CJ 

u 

ca 

a 

a 

E 

D 

D. 

CO 

Cm 

a. 

o 

a 

CO 

T3 

0. 

LU 

5 

Um 

on 

cs: 

£ 

tu 

o 

X 


o o o o 

■D  -o  ■O  -D 


o 

Z 


o 

o 


• C 


O 

U 

00 

c 


O 

>,  -o 


o o o 

■0*0-0 


CO  E 


CO 

E 

CO 

•o 


o o 

u u 


d £ 

«3  rn 

a. 


«« 


1 O £ 


"O  CO  XX  o 


o o o 

o -o  *o 


s | « 


o 

z 


o o o o o 

•o  o o -o  o 


E 

C3 

u. 

>> 

o 

c 


--  — — — oooo_ 

IN  IN  IN  IN  IN  IN  IN  IN  IN 

mmininininininin 


*~00000  XXXXXXX)X)XiO 
IN'NfNINININlNINI^IIN  — — ——  — — — — — — — 
in  m m m m m in  m in  m in  in  in  m in  m m m in  m 


i"  r r-  r-  r^f^rNi^r^r^i^r^f^i — 


<X>  O o o o r-  r^-  oc 

in  in  m in  m in  in  in  m 


r-  r-  r-  r-  r-  r-~  n-  i — n-  n-  r-  r- 


oooooooooooooooooo 

ooooooooo 

ooooooooo 

X’tTr'J-rtTtrJ-Tfi}- 


O O O O ~ “ “ “ - 

O O o o 

't  ^ 'f  't 


o o o o o o 
o o o o o o 


N-  N-  Tj-  •»*- 


invOOOOiniNHOjIN 

oooooo  — — — — 
- - - 000000“ 


X X X X X X X 


(N  rj  in  in  in  <n  in  m m 
OOOOO  OOOO 

tT  tJ-  tJ-  tT 


Z1  ^ ^ ^ 00  O’-MnifinioNCOx  o-iN^ifinONco 

INININININININCNIN  m ro  m to  tn  m m tn  m m 

oc 

s 


Table  6.  Record  of  selected  wells — Montgomery  County,  Pennsylvania 
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of  the  municipalities  in  Montgomery  County  using  surface  water  are 
supplied  by  private  companies.  The  amount  of  surface  water  pumped  for 
selected  municipalities  is  shown  below: 


Pumpage  in  millions  of 


Supplier 

Stream 

gallons  during 

East  Greenville 

Perkiomen  Creek 

“ 57.42 

Royersford 

(Home  Water  Co.) 

Schuylkill  River 

320.27 

Norristown 

Schuylkill  River 

2.875.74 

Pottstown 

Schuylkill  River 

880.00 

" Part  supplied  from  ground  water. 

The  Philadelphia  Suburban  Water  Company  uses  both  ground-water 
and  surface-water  sources  and  supplies  many  cities  and  towns  in  Mont- 
gomery County.  There  is  no  breakdown  of  the  amounts  of  water  from 
each  source  used  by  this  company.  Surface-water  supplies  in  Montgomery 
County  are  adequate  for  the  present  needs. 

WATER  PROBLEMS  RESULTING  FROM  THE 
ACTIVITIES  OF  MAN 

Three  water  problems  that  have  resulted  from  the  activities  of  man 
in  Montgomery  County  are  (1)  declining  ground-water  levels,  (2) 
changes  in  streamflow  caused  by  urbanization,  and  (3)  contamination 
of  ground-water  reservoirs  by  domestic  and  industrial  wastes. 

DECLINING  GROUND-WATER  LEVELS 

When  water  is  withdrawn  from  a well,  either  by  pumping  or  by  arte- 
sian flow,  the  ground-water  reservoir  is  modified.  Two  effects  of  pumping 
that  cause  concern  are  declining  ground-water  levels  in  the  vicinity  of 
the  pumping  wells  and  lower  yields  from  the  pumped  wells  and  nearby 
wells.  The  cumulative  drawdown  effect  from  closely  spaced  pumping 
wells  affects  the  yields  of  all  wells  in  the  cone  of  depression.  A cross 
section  showing  drawdown  (lowering  of  ground-water  levels)  in  the 
vicinity  of  a pumping  well  and  the  effect  on  the  water  level  of  a nearby 
well  is  shown  in  Figure  14.  The  amount  of  interference  depends  upon 
the  complex  relationship  between  the  rate  and  duration  of  pumping, 
distance  between  wells,  and  the  hydraulic  properties  of  the  aquifier. 
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MONTGOMERY  COUNTY  GROUND-WATER 


Figure  14.  Effects  on  the  water  table  when  wells  are  pumped. 
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CHANGES  IN  STREAMFLOW  CAUSED  BY  URBANIZATION 

The  effects  of  urbanization  on  streams  in  Montgomery  County  are  not 
yet  readily  apparent,  but  changes  will  probably  become  more  noticeable 
as  the  county  continues  to  urbanize.  The  flood-flow  peaks  will  get  higher 
as  development  increases.  As  more  land  area  is  covered  by  roads,  build- 
ings, sidewalks,  and  parking  lots,  the  runoff  will  increase.  The  time 
between  rainfall  and  runoff  will  shorten,  and  the  flood  crests  will  be 
higher.  Drainage  patterns  will  be  modified  to  move  the  water  faster.  The 
low  flood  of  streams  will  decrease  because  reduced  infiltration,  faster 
and  more  complete  runoff,  and  more  evaporation  from  paved  surfaces 
will  reduce  the  amount  of  ground  water  available  for  low-flow  discharge 
into  stream  channels. 

The  quality  of  the  water  in  the  streams  will  be  seriously  degraded 
unless  the  disposal  of  domestic  and  industrial  wastes  is  controlled  by 
intelligent  planning  and  strict  enforcement  of  standards. 


CONTAMINATION  OF  SHALLOW  GROUND  WATER 

Contamination  of  ground  water  in  Montgomery  County  occurs  in  sev- 
eral ways.  In  areas  where  there  has  been  much  housing  construction, 
and  no  sanitary  sewer  systems  have  been  installed,  septic-tank  discharge 
pollutes  the  shallow  aquifers.  Leakage  or  spillage  of  hydrocarbons  from 
oil  storage  tanks  and  pipelines  can  pollute  the  aquifers.  Hydrocarbons 
are  very  difficult  to  remove  from  the  aquifer,  and  the  pollution  effects 
last  a long  time.  The  disposal  of  solid  waste  by  the  landfill  procedure  can 
cause  pollution  of  the  shallow  aquifers  in  Montgomery  County.  Pre- 
cipitation on  the  waste  material  moves  downward,  leaching  pollutants 
into  the  shallow  aquifers.  Pollution  leaching  from  landfill  areas  also 
runs  overland  into  surface-water  bodies. 

In  Table  7 chemical  analyses  of  ground  water  in  Montgomery  County 
are  presented  to  give  a background  for  the  ranges  of  various  elements 
in  these  waters.  In  urban  and  other  heavily  pumped  areas  periodic 
chemical  analysis  of  the  ground  water  would  be  advisable  as  a check 
on  possible  contamination.  Polluted  water  generally  moves  slowly 
through  consolidated  rocks,  but  it  can  move  rather  rapidly  through  frac- 
tures in  this  type  of  rock. 


Table  7.  Chemical  analyses  of  ground  water  in  Montgomery  County,  Pennsylvania 

(Results  in  milligrams  per  liter  except  as  indicated) 
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DEVELOPMENT  OF  WELLS 

DRILLING  METHODS 

The  first  wells  completed  in  Montgomery  County  were  dug  by  hand. 
As  dug  wells  can  be  completed  only  2 or  3 feet  below  the  water  table, 
the  yield  is  usually  small.  Dug  wells  are  being  replaced  by  drilled  wells, 
and  two  methods  are  used  to  drill  most  of  the  wells  in  Montgomery 
County. 

In  the  cable-tool  percussion  method,  wells  are  drilled  by  lifting  and 
dropping  a heavy  string  of  drilling  tools  in  the  borehole.  The  drill  bit 
breaks  or  crushes  the  rock  into  small  fragments,  which  are  then  re- 
moved from  the  hole  with  a bailer.  The  rotary  drilling  method  drills 
wells  by  crushing  the  rock  with  a rotating  bit  and  removing  the  rock 
chips  by  circulating  water,  drilling  mud,  or  air. 

WELL-DEVELOPMENT  METHODS 

In  Montgomery  County,  well  development  usually  consists  of  pumping 
the  borehole  for  a period  of  time  to  clean  out  the  drill  cuttings.  In 
consolidated  rocks,  higher  well  yields  might  be  obtained  through  develop- 
ment techniques  such  as  mechanical  surging,  use  of  explosives,  treating 
the  well  with  chemicals,  or  by  hydrofracking. 

Mechanical  surging  is  simply  operating  a piston  in  a cylinder  with  the 
well  bore  casing  acting  as  the  cylinder  and  the  surge  block  as  the  piston. 
Raising  and  lowering  of  the  surge  block  in  the  well  forces  the  water  in 
and  out  of  openings  in  the  rock.  Any  loose  rock  chips  or  sand  grains  are 
drawn  into  the  well  bore  and  can  be  cleaned  out  after  the  surging  has 
stopped.  This  method  is  most  successful  in  sandstone  and  conglomerate. 
The  middle  and  lower  member  of  the  Stockton  Formation  and  some  of 
the  sandstone  beds  in  the  Brunswick  Formation  might  yield  more  water 
to  wells  if  they  were  developed  by  surging. 

An  explosion  in  a well  will  fracture  the  rock  and  permit  freer  passage 
of  water  into  the  borehole.  Explosives  are  not  always  successful  in 
developing  higher  well  yields,  but  this  method  may  be  tried  in  the  denser 
and  more  brittle  sedimentary  rocks.  In  the  more  resistant  rocks  in 
Montgomery  County,  such  as  the  Lockatong  Formation  and  some  of 
the  Paleozoic  rocks,  explosives  could  be  used  to  develop  higher  well 
yields. 

Developing  wells  by  using  chemicals  can  increase  well  yields  in 
certain  types  of  rock.  In  carbonate  rocks  acid  is  pumped  down  the  bore- 
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hole  and  forced  into  the  openings  in  the  rock.  The  acid  reacts  with  the 
rock  and  enlarges  the  openings.  The  acid  is  then  pumped  out  of  the  well 
and  the  enlarged  openings  will  allow  more  water  to  enter  the  borehole. 
Detergents  can  be  used  in  wells  where  very  fine  grained  material  is 
plugging  the  fractures  in  the  aquifier.  The  detergents  loosen  the  small 
particles  so  that  they  can  be  pumped  out  of  the  well,  thereby  opening  up 
the  fractures. 

Hydrofracking  is  a well-development  method  where  a mixture  of  the 
water  and  sand  is  introduced  into  the  well  under  high  pressure.  The 
water  and  sand  is  forced  into  fractures,  then  the  pressure  is  released  and 
the  sand  grains  keep  the  fractures  from  closing,  thereby  allowing  more 
water  to  pass  through  the  fractures. 

MANAGEMENT  OF  WATER  SUPPLIES 

PROTECTION  FROM  OVERDRAFT 

The  Lansdale  area,  served  entirely  by  local  municipal  wells,  has  had 
the  problem  of  declining  water  yields.  Part  of  the  cause  of  this  situation 
is  the  concentration  of  wells  in  a relatively  small  area  and  a prolonged 
drought. 

The  two  most  obvious  solutions  are  to  connect  the  city  lines  with 
those  of  another  water  supply  and  to  space  new  wells  farther  apart. 

A third  possibility  is  the  construction  of  recharge  wells,  through 
which  water  could  be  forced  into  the  aquifer  during  periods  when  an 
excess  is  available.  Artificial  recharge  of  the  aquifer  would  help  insure 
a greater  available  supply  during  times  of  heavy  usage  or  drought. 
Finding  a source  of  the  recharge  water,  however,  might  be  a problem 
more  difficult  than  using  more  obvious  solutions.  Water  would  have 
to  be  pumped  from  reservoir,  or  a small  stream  (none  of  which  are 
nearby)  could  be  impounded  to  serve  as  a source  for  recharge  water. 
The  development  of  recharge  areas  should  be  investigated  further. 

As  a fourth  alternative,  more  water  supply  can  be  developed  from 
surface-water  sources  by  construction  of  reservoirs  on  some  of  the 
streams.  Potential  reservoir  sites  and  their  watersheds  should  be  set  aside 
now  to  assure  their  availability  for  such  use  in  the  future. 

PROTECTION  FROM  POLLUTION 

A primary  consideration  in  protecting  a ground-water  supply  is  to 
keep  it  free  of  harmful  bacteria.  Pollutants  may  be  carried  downward 
from  the  land  surface  by  infiltrating  water.  Because  ground-water  move- 
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ment  is  relatively  slow,  such  pollution  is  slow  to  accumulate,  but  it  is 
just  as  slow  to  clear  up  when  the  polluting  source  is  removed.  The 
part  of  the  aquifer  updip  from  the  wells  and  other  nearby  recharge  areas 
should  be  investigated  for  possible  sources  of  pollution  such  as  sanitary 
landfills  and  septic  tanks. 

Government  agencies  are  becoming  increasingly  active  in  the  field  of 
pollution  prevention;  for  example,  the  Pennsylvania  Department  of 
Health  has  set  standards  for  the  length  and  the  cementing  of  casing 
in  wells.  But  it  is  everyone’s  responsibility  to  protect  water  supplies  from 
pollution. 

WHERE  TO  GET  INFORMATION  ABOUT  WATER 

The  Pennsylvania  Topographic  and  Geologic  Survey  has  information 
on  the  geology  of  Montgomery  County  and  has  published  reports  that 
describe  in  detail  some  of  the  aquifers  that  underlie  Montgomery  County 
and  the  chemical  quality  of  the  ground  water.  Well-drillers’  logs  and 
reports  on  new  wells  that  have  been  drilled  in  the  county  are  also 
available. 

The  Private  Water  Supply  section,  Division  of  Sanitation,  Pennsyl- 
vania Department  of  Environmental  Resources,  can  supply  information 
on  proper  well-construction  requirements,  biological  reports  on  well 
water,  and  the  chemical  quality  of  ground  water  in  Montgomery 
County.  The  Pennsylvania  Department  of  Health,  through  various 
regional  offices,  can  test  water  samples  for  bacterial  pollution.  The 
nearest  regional  Health  Department  testing  laboratory  is  in  Philadelphia. 
They  also  can  advise  corrective  measures  when  pollution  is  reported. 

The  Water  Resources  section  of  the  Forest  and  Waters  Division 
Pennsylvania  Department  of  Environmental  Resources  has  information 
on  stream  discharges,  flood  data,  reservoir  requirements,  and  power  plant 
discharges. 

The  Public  Utility  Commission,  Bureau  of  Rates  and  Research,  has 
information  on  some  municipal  water  supplies,  including  source,  average 
daily  use,  total  annual  use,  and  estimated  future  needs. 

The  Water  Resources  Division  of  the  U.S.  Geological  Survey  has  data 
on  wells,  springs,  and  streams,  and  on  the  chemical  quality  of  water. 

When  requesting  information  on  water  supplies,  give  an  accurate 
location  of  the  site  about  which  you  wish  information.  This  will  help 
the  above-listed  agencies  to  assist  you  with  your  problem. 

The  local  well  drillers  and  pump  installers  can  provide  prices  and 
suggest  the  type  of  equipment  needed  to  develop  a water  supply.  Local  well 
drillers  will  know  the  well  depth  necessary  to  obtain  certain  yields  and 
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how  much  surface  casing  is  required.  They  can  also  suggest  the  proper 
well  diameter  for  the  necessary  pumping  equipment.  Pump  installers  can 
supply  information  concerning  the  size  of  the  pump,  depth  of  the  pump 
setting,  and  the  pressure-tank  capacity. 

If  chemical  analysis  of  the  well  water  indicates  treatment  is  neces- 
sary, any  of  the  commercial  water-treatment  companies  can  provide  the 
necessary  information  and  equipment.  Equipment  for  water  treatment 
can  be  purchased  or  rented,  and  it  will  be  serviced  by  the  supplier  if 
desired. 


GLOSSARY 

Aquifer:  A formation,  group  of  formations,  or  a part  of  a formation 
that  yields  water  to  wells  in  usable  quantities. 

Artesian  water:  Ground  water  that  occurs  under  sufficient  hydrostatic 
head  to  rise  above  the  level  at  which  it  was  encountered  in  a well. 

Base  flow:  Discharge  entering  stream  channels  as  effluent  from  the 
ground  water  reservoir,  the  fair-weather  flow  of  streams. 

Cubic  feet  per  second:  The  discharge  of  a stream  of  rectangular  cross 
section,  1 foot  wide  and  1 foot  deep,  whose  velocity  is  1 foot 
per  second;  equivalent  to  448.8  gallons  per  minute. 

Cone  of  depression:  A conical  depression,  on  a water  table  or 

piezometric  surface,  produced  by  pumping  a well. 

Direct  runoff:  The  water  that  moves  over  the  land  surface  directly 
to  streams  immediately  after  rainfall  or  snowmelt. 

Discharge,  ground-water:  The  process  by  which  water  is  removed 

from  the  zone  of  saturation;  also  the  quantity  of  water  removed. 

Drawdown:  The  lowering  of  the  water  table  or  piezometric  surface 
caused  by  pumping  (or  artesian  flow). 

Evapotranspiration:  Process  of  water  withdrawal  from  a land  area  by 
direct  evaporation  from  water  surfaces  and  moist  soil  and  by  plant 
transpiration. 

Fanglomerate:  A rock  composed  of  heterogeneous  materials  that  were 
originally  deposited  in  an  alluvial  fan  but  which  have  since  been 
cemented  into  solid  rock. 

Fault:  A fracture  or  fracture  zone  along  which  there  has  been  dis- 
placement of  the  two  sides  relative  to  ane  another.  The  displace- 
ment may  be  a few  inches  or  many  miles. 

Fracture:  Breaks  in  rocks  due  to  intense  folding  or  faulting. 

Ground-water  reservoir:  An  aquifer  or  a group  of  related  aquifers. 

Head  (hydrostatic  head):  The  height  of  a vertical  column  of  water, 
the  weight  of  which,  in  a unit  cross  section,  is  equal  to  the  hydro- 
static pressure  at  a point. 
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Homocline:  A structural  condition  in  which  the  beds  dip  uniformly 
in  one  direction. 

Hydraulic  gradient:  The  rate  of  change  of  hydrostatic  head  per  unit 
of  distance  of  flow  at  a given  point  and  in  a given  direction. 

Perched  ground  water:  Ground  water  separated  from  an  underlying 
body  of  ground  water  by  unsaturated  deposits. 

Permeability:  The  capacity  of  a material  to  transmit  a fluid. 

Piezometric  surface:  The  surface  to  which  the  water  from  a given 
aquifer  will  rise  under  its  full  head. 

Porosity:  The  ratio  of  the  aggregate  volume  of  void  space  in  a rock 
or  deposit  to  its  total  volume,  expressed  as  a percent. 

Recharge,  ground-water:  The  process  by  which  water  is  added  to  the 
zone  of  saturation,  also  the  quantity  of  water  added. 

Runoff:  The  water  draining  from  an  area. 

Saturation,  zone  of:  The  zone  in  which  interconnected  voids  are 

filled  with  water  under  pressure  equal  to  or  greater  than  atmos- 
pheric. 

Specific  capacity:  The  yield  of  a well,  in  gallons  per  minute,  divided 
by  the  drawdown  in  the  well,  in  feet. 

Stream-gaging  station:  A gaging  station  where  a record  of  discharge 
of  a stream  is  obtained.  Within  the  Geological  Survey  this  term 
is  used  only  for  those  gaging  stations  where  a continuous  record 
of  discharge  is  obtained. 

Surface  water:  Water  on  the  surface  of  the  earth. 

Transpiration:  The  quantity  of  water  absorbed  and  transpired  and 

used  directly  in  the  building  of  plant  tissue,  in  a specified  time; 
also  the  process  by  which  water  vapor  escapes  from  the  living  plant, 
principally  the  leaves,  and  enters  the  atmosphere. 

Underflow:  The  movement  of  water  in  the  ground-water  reservoir;  also 
the  quantity  of  water  moving  in  the  ground-water  reservoir  through 
any  vertical  plane. 

Water  table:  The  upper  surface  of  the  zone  of  saturation,  except 

where  the  surface  is  formed  by  an  impermeable  body. 

Water-table  conditions:  The  condition  under  which  water  occurs  in  an 
aquifer  that  is  not  overlain  by  an  impermeable  body  and  that  has 
a water  table. 
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